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THE IMPROVEMENT OF THE CHICAGO RIVER is 
planned by the Sanitary District, and Mr. Isham Ran- 
éciph, the Chief Enginver, has made an estimate of the 
cost of the work to be done during 1903 and 1904. This 
aggregates about $4,700,000, in addition to which the 
development of the water power at Lockport and Joliet 
will cost about $2500,000. The estimate for the river 
work is as follows: 

Dredging and docking. . 
New bridges 
Improvement of the North Branch 


Miscellaneous (mainly for pumping plant, ete., 
for the 39th St. conduit) 


$2, 154.884 
1,982,424 
183,000 
432,900 


$4,703, 208 


NEW VESSELS FOR THE GREAT LAKES to the 
number of 62 are being built. Of these 39 are for the 
U. S. Steel Corporation, The aggregate value of these 
62 boats is $13,491,500. 


NEW YORK CANALS carried 3,274,446 tons of freight 
in 1002, a falling off of 146,167 tons from the record of 
1901. The falling off in traffic was in through freight, the 
total reduction in this class being 210,600 tons. The fall- 
ing off is believed to have been chiefly due to the coal 
strike. The total cost of maintenance and repairs for 1902 
was as follows: 


Maintenance and ordinary repairs 


$931,051 
Extraordinary repairs 


262,684 

It will be seen from these figures that the taxpayers of 
the state contributed about a third of a dollar toward the 
cost of carrying every ton of freight moved on the canals. 


THE COMMERCE OF THE GREAT LAKES for 1902 is 
noted by the U. S. Bureau of Statistics. The record is 
actually for the eleven months ending with November, 
but the December tonnage does not materially change the 
total, as the season of through navigation closed with the 
preceding month. The arrivals at ports on the lakes for 
the eleven months numbered 77,408 vessels, with 
a net registered tonnage of 71,443,517 net tons; there 
were 77,899 clearances from these ports representing 72,- 
215,009 net tons. These figures do not include tonnage 
employed in the lake trade between Canada and the United 
States. Twenty separate ports on the lakes have each a 
registered tonnage of arrivals ranging from 1,000,000 to 
5,000,000 tons; four ports on Lake Superior have a com- 
bined tonnage of 14,353,972 net tons, of which Duluth is 
credited with 4,971,434 tons. The enormous volume of 
lake tonnage is better appreciated when it is noted that 
the port of New York is only credited with 8,982,767 
registered tons of arrivals in 1902, and London in 1901 
had entrances amounting to 9,992,753 tons. 


> 


THE MOST SERIOUS RAILWAY ACCIDENT of the 
week occurred on the Pennsylvania R. R. at Du- 
quesne, Pa., on Jan. 7. An accommodation train, 
southbound from Pittsburg, struck the rear end of a 
freight train which had not fully made its siding. Three® 
trainmen and four passengers were either killed outright 
or burned to death in the fire that followed the crash; a 
dozen or more others were injured. The accident is said 
to be chargeable to the rear brakeman of the freight, who 
failed to clear the rear end of his train.—~An accident 
quite as unusual as the preceding occurred on the follow- 
ing day, Jan. 8, on another part of the Pennsylvania sys- 
tem. A fast passenger train ran into the rear of an ac- 
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Robinson—Concerning Systems of Meas- 
57-60 


commodation train at Ada, O., and crushed the two rear 
cars of the accommodation. Three persons were killed 
and ten or more injured. It is stated that the collision 
came about because the forward train was forced to stop 
on the open track and the flagman sent back to signal 
the following train was not seen by the engineer on ac- 
count of a driving snowstorm. 


THE GRAND TRUNK RAILWAY ACCIDENT, noted 
in our issue of last week, a butting collision near St. 
Catherine's, Ont., should be charged to an error in train 
despatching instead of to a mistake of the engine driver, 
as was reported in our note of the accident. It appears 
that the regular train, which was behind time, received 
orders to run twenty minutes late, while the orders is- 
sued to the light engine (which later collided with this 
train) said that the train would run forty minutes late. 


A PECULIAR ACCIDENT OCCURRED recently on the 
Hannibal & St. Joseph R. R., at Yellow Creek, Mo. A 
wreck had occurred on the line, and a wrecking train, at 
the head of which was a derrick car pushed by an engine, 
was being hurried to the spot. The boom of the derrick 
happened to project too far and when the train reached a 
through bridge at Yellow Creek the boom caught in the 
upper laterals of the bridge and tore them away. The 
weight of the engine, immediately behind the wrecker, was 
too great for the weakened bridge, and it gave way, 
dropping the engine and several cars into the channel 
below. Two men were killed in the fall. We are indebted 
for our information to Mr. L. C. Heydrick, of Mapleton, 
Missouri. 


DIGGING DYNAMITE OUT OF A MISFIRED HOLE 
by means of an iron rod resulted in an explosion at 183d 
St., New York, on Jan. 9 The iron rod was driven into 
the neck of the man engaged in removing the charge, but 
by good luck missed any vital spot and his recovery is 
said to be possible. 


SULPHUR AND ARSENIC FUMES from the smelters 
near Butte, Mont., have injured the agricultural indus- 


tries to such an extent that farmers have held mass meet- ~ 


ings to take legal action. Five tons of sulphuric acid and 
2% tons of arsenic are daily discharged into the air by 
these smelters, it is said. 


CALIFORNIA'S GOLD YIELD for last year is esti- 
mated at $18,000,000 which is an increase of $1,000,000 
over 1901. The introduction of electric power has aided 
greatly in the increased gold production. 


THE CHAMPION IRON MINE HAS BEEN SOLD to the 
Clairton Steel Co., of Pittsburg, for about $2,000,000. The 
Champion Mine is located in northern Michigan, and was 
one of the great producers until the Mesabi ores were ex- 
ploited. It has produced almost four million tons and its 
annua! output now is about 135,000 tons. 
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NEW IRON, COAL, OIL AND GAS FIELDS in Montana 
have been discovered. In Chateau county a coal outcrop- 
ping averaging 4 ft. thick and 1% miles long has been 
found and a company incorporated to develop it. In Butcher 
Creek Valley oil has been struck at a depth of 300 to 400 
ft. by the Cruse Oil Co. of Helena. Two miles west of 
Livingston a natural gas well is yielding excellent gas 


in great quantity, and there is a rush of prospectors and 
speculators to that section. Red hematite (5% tron) cre 


is said to exist In great quantities 12 miles west of Mis 
soula 


KY-PRODUCT COKE OVENS are steadily Increasing in 
number, Every one of the following six companies ba 
increased or {fs increasing the number of ovens, ani 
when those under way are finished the total will be 1,810 
by-product ovens, distributed thus: Cambria Steel Co., 
200; Riverside (Wheeling, W. Va.), 10; Ensley, Ala. 
240; Dunbar, Pa., 110; Dominion Iron & Steel Co., 600: 
Nova Scotia Steel, 80 


-- 


THE COPPER SANDS OR TAILINGS are being worked 
over at the old Franklin (Mich.) mill, and a concentrating 
plant for a similar purpose is being bullt at the Central 
Mine. All of which goes to emphasize the fact that it will 
sSenerally pay to save all mill tailings for the day that 
will eventually come when they may be profitably worked 
over. 

THE REMOVAL OF THE CROTON AQUEDUCT Com 
mission is requested by a committee of the Merchant» 
Association of New York city at the conclusion of a tong 
communication to Mayor Low The committee charge 
the commission, as constituted on July 15, 1002, ‘with 
neglect and malfeasance both in respect of the New Cro 
ton Dam and the Jerome Park Reservoir." As to the 
dam, the committee alleges that the commission failed 
to fix a time limit when ordering radical changes; that 
it improperly allowed road-making work to be charged 
up at the contract prices for ‘‘earth and rock excavation 
of a distinct and very much more different character 
and that it has neglected to have ‘‘work performed that 
is necessary to be done before the dam can be effective."’ 
In the matter of the Jerome Park Reservoir the committee 
alleged that the commission approved wholly unnecessary 
and expensive changes in the original plan; that in cal! 
ing in expert engineers to report on changes It failed to 
bring some of the changes to the attention of the com 
mittee; and that subsequently one of the experts, instead 
of all three, was invited by the chief engineer to make 
a further report, and that notwithstanding the advice of 
the experts, changes in the original plan have been con 
tinued. Other changes alleged to have been unwarranted 
pertain to the great gate-house, and on these an adverse 
opinion has been rendered to the committee by-Mr. F. P. 
Stearns, M. Am. Soc. C. E., Chief Engineer of the Metro 
politan Water and Sewerage Board. Mr. Stearns is quoted 
as stating that the changes in the gate house “‘made by 
the later plans have resulted in a somewhat decreased 
efficiency and greatly increased cost.’’ Besides Mr. Stearns’ 
report, the communication to the Mayor is accompanied 
by letters from Mr. Alfred Craven, M. Am. Soc. C. E., 
formerly division engineer in charge of the Jerome Park 
Reservoir, containing figures designed to show how the 
changes in the reservoir increased its cost. 


THE LONGEST FLUME IN THE WORLD, at Madera, 
Cal., is finished. It is 63 miles long, and has in addition 
1S miles of feeders. The flume is V-shaped, 46 ins. across 
the top and 36-in, sides. The cost was $270,000. It runs 
through the heart of the redwood forest, 185 miles from 
San Francisco, and will carry 400,000 ft. B. M. of logs 
daily when run to its full capacity. 
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ELECTRO-PNEUMATIC TRAIN CONTROL has been 
adopted on the Brooklyn elevated railway lines after a 
long-time service test of different methods of multiple 
unit train control. This system involves the use of com- 
pressed air for moving the current-controlling apparatus, 
the air supply being obtained from the train air-brake 
pipe. The admission of the air to the operating mechan 
ism is controlled by valves opened or closed by electro 
magnets. The latter are energized by current from a 
series of low-voltage circuits connecting the different 
cars of a train. The connection of these low-voltage 
cireuits is the only one that must be made, in addition 
to the brake-hose connection, when the cars are coupled 
up. Each car in the train is an isolated unit as far as 
the main power circuit is concerned. Some interesting 
peculiarities are inherent in the electro-pneumatic sys 
tem of train control: When the brakes are applied (by 
reduction of the train-pipe pressure) the power is auto- 
matically turned off on all cars of the train. When the 
train breaks in two the power is turned off and the brakes 
applied on each car, by the escape of air from the train+ 
pipe. In these features of safety the system follows the 
same principles as the weli-known Westinghouse autn- 
matic air-brake. A further feature of the electro-pneu- 
matic train control is that in case the low-voltage control 
circuit fails, the train may be stopped by means of the 
regular brake valve. Moreover, the controllers on the 
different cars may in case of emergency be operated by 
hand. This system was worked out by Mr. George Weat- 
inghouse, and the equipment for it will be supplied to the 
Brooklyn elevated lines by the Westinghouse Electric & 
Mfg. Co., of Pittsburg, Pa. 
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THE RUTLAND-CANADIAN RAILWAY AND ITS 
STRUCTURES. 
By John W. Burke.* 

The Rutland-Canadian railway from Burling- 
ton, Vt. to Rouse’s Point, N. Y., 41 miles, is part 
of the Rutland R. R. system and connects the 
Rutland Division ending at Burlington with the 
Ogdensburg & Lake Champlain Division ending 


166°C. of Trusses 


outside of yard limits is 26.87%, and the total an- 
gularity outside of terminal yard limits is 272° to 
the right and 237° to the left. The track is of 80 
Ibs. steel rails and is mostly rock ballasted. 
BRIDGES AND CULVERTS.—The bridges are 
of acid open-hearth steel designed to carry two 
142-ton consolidated locomotives followed by 
a uniform load of 4,000 Ibs. per foot on 
draw spans and 4,200 Ibs. on fixed spans. The 


they support moving loads. The trusses are 1); 
ft. 6 ins. apart c. to c., and have a panel of th: 
same length over the pivot pier, so that the floo 
beams at these points together with the mida). 
panels of the lower chord form a square box, 1#}! 
ft. on each side, upon the corners of which all th 
load is borne. This box rests at eight equidista,; 
points upon the wheel circle, which is 18 ft. 8 ins 


in diameter, and to which all load on the pie: 


" 
Signal fas, Pre po 
Buse of Ra —— 
| 
Manganese Pitch ! 
ke '0" Rad. of Center Pier 
3 NEws. 
Part Longitudinal Section. 
A 
5 carried through the lower chord and center flo: 
beams, acting as cantilevers. The usual drum 
| l is dispensed with and the upper wheel track is 
= 


| 13384 
: 
4 ‘ 


Sectional Plan 


at Rouse’s Point, making the Rutland line con- 
tinuous from Bellows Falls to Ogdensburg, 279 
miles, via Rutland, Burlington and Rouse’s Point. 
At Ogdensburg connection is made with the 
steamers of the Rutland Transit Co., controlled 
by the Rutland R. R. Co., to and from Chicago, 
Duluth and other Lake ports. At Bellows Falls 
connection is made with the Boston & Maine for 
Boston and lower New England points. The New 
York connection is made over the Bennington & 
Rutland Division, recently bought by the Rutland, 
and via the New York Central & Hudson River 
R. R. from Troy. The Rutland-Canadian also in- 
cludes a line from Alburg, Vt., to Noyan, P. Q., 6 
miles, where it connects with the Quebec South- 
ern and the Canada-Atlantic railways. Through 
the Quebec Southern Ry., from Noyan, connec- 
tions are made for Sorel and Quebec. The Cana- 
da-Atlantic extends to Ottawa and to Parry 
Sound on Georgian Bay. The Rutland R. R. also 
has running powers over the Canadian Pacific Ry. 
into Montreal, so that its passenger trains are run 
with its own crews between Troy and Montreal. 
The Rutland-Canadian road afforded the Rutland 
R. R. all these Northern connections. 

Burlington is on the east shore of Lake Cham- 
plain and Alburg is at the north end of the lake. 
The new road between these points is nearly an 
air line, built on the large islands in the middle 
of Lake Champlain. The distance between these 
points on the new road is 37 miles, as compared 
with the distance of 52 miles on the Central Ver- 
mont Ry., which is located on the main land near 
the lake shore. The maximum curvature outside 
of yard limits is 1° 30’... The maximum grade go- 
ing south, the direction of heavier traffic, is 0.57%. 
and going north, the direction of lighter traffic, 
is 0.70%. The ratio of curve to total distance 


Chief Engineer, Champlain Construction Co.; Civil 
Engineer, 45 Broadway, New York. 
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FIG. 1. DETAILS OF 
TURNTABLE MACHINERY 
FOR PELOT’S POINT 
3WING BRIDGE, RUTLAND- 
CANADIAN R. R. 


bridge masonry is of 
heavy limestone ashlar 
laid in Portland cement 
¥ and founded on_ cribs 

filled with Portland ce- 

ment concrete, and rest- 

ing on piles or on 

rock bottom and heavijy riprapped. At the 
Winooski River crossing there are three 150- 
ft. through riveted lattice steel spans, each weigh- 
ing about 138 net tons, founded on ashlar on con- 
crete cribs supported by piles driven into silty 
sand. Near the south end of the lake embank- 
ment at Colchester Point there is an 86 ft. girder 
span on foundation similar to the above. At each 
of the three lake crossings there is a through 
riveted lattice pivot draw span 196 ft. 8 ins. long, 
and weighing, exclusive of operating machinery 
and castings, about 192 net tons. The operating 
mechanism is so designed that the moving of the 
end rollers, the track rails, and the latches is 
done by one operation, either at each end of the 

South Abutment 
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fastened directly to the under side of the chord 
and center floor beams, these being bracketed out 
to give firm support where the wheel circle passes 
ovtside of them. The bridge is so adjusted by 
means of the four large adjusting screws at the 
pivot that when there is no moving load on the 
span it barely touches the wheels and practically 
all of the weight is carried by the pivot, the 
wheels serving only as guides. But when a train 
comes on the bridge, inasmuch as all the load 
which passes to the center pier must come through 
the four corners of the box before spoken of, the 
corners of this box will be depressed, thus throw- 
ing all of this additional load on the wheels and 
correspondingly relieving the pressure on the 
pivot. 

The ends of the bridge are supported by rollers 
which are raised and lowered by means of a rack 
and pinion movement operating a toggle joint, a 
device giving the greatest power at the poin) 
where it is most needed, namely when pushing the 
rollers into place and starting them for drawing 
The rollers are not intended to lift the ends of th: 
bridge but only to bring them to a bearing and 
are so adjusted that they merely come to a firm 
bearing when the bridge is in place and exert no 
appreciable lifting force. The trusses are fully 
continuous over the pier and there is no “kicking” 
of the ends under any circumstances. The rollers 
are made to operate lengthwise of the bridge and 
not crosswise as is frequently the case, thus pro- 
viding full facility for expansion and contraction 

The rails at the ends of the bridge are raised 
and lowered by means of a cam device working 
simultaneously with the end rollers and so ar- 
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FIG. 2. LONGITUDINAL SECTIONAL ELEVATION OF FOUNDATIONS FOR PELOT’S POINT SWING 
BRIDGE, RUTLAND-CANADIAN R. R. 


bridge independent of the other end or at both 
ends simultaneously from the center of the bridge. 
Home and distant signals are also operated from 
the center of the bridge. The bridge and signal 
mechanisms interlock. The distance from top of 
pivot pier masonry to base of rail is only 5 ft., 
and all the machinery is contained within this 
height. These draws (Fig. 1) are center bearing 
to facilitate turning, but rim bearing as long as 


ranged as not only to let the rails down in their 
sockets but hold them there firmly, so that there 
is no rattling of the loose end rails so often no- 
ticed on draw spans under moving trains. 

The locking is accomplished by a heavy verti- 
cal bolt, dropping into a socket on the abutment. 
Tis bolt is counterweighted so that it can be 
raised with any desired degree of ease 47 speed. 
After the bridge has been opened this bolt can be 
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released and dropped so that it will enter its socket 
automatically when this is reached. The lower 
end of the bolt is furnished with a roller and the 
upper parts of the socket are rounded so that this 
roller will ride up on them and drop into the 
encket. The bolt is weighted so that its motion 
is rather slow. Consequently, if the bridge is turn- 
ing slowly, as it should, the bolt will fall into the 


another and much simpler manner, The lower 
chords are cut in two just outside of the center 
panel and the ends of the chords brought together 
with a butt joint, which is bolted. After the 
trusses are riveted up and the ties and rails laid, 
the end blocking is removed and the ends al- 
lowed to take such deflection as they will. The 
bolts are then removed from the butt joints in the 
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FIG. 3. DETAILS OF SUBSTRUCTURE FOR PELOT’S POINT SWING BRIDGE. 


socket at the proper time and hold the structure, 
but if it is moving rapidly then the roller will 
ride over the socket and thus avoid bringing up 
the great mass with a sudden shock and possibly 
damaging the structure. 

All of the operations of setting the signals, 
drawing the bolts, releasing the end rollers and 
swinging the bridge are so interlocked that it is 
impossible to perform them except in the re- 
quired order. When the bridge is closed and ready 
for crossing with the signal set at safety, the 
only thing that can be moved is the signal rod. 
As soon as the signal is moved to danger the bolts 
are unlocked and can be lifted from their sockets. 
That operation unlocks the end roller machinery 
making it possible to release the ends of the 
bridge, while at the same time the signal is 
locked at danger and cannot be moved back to 
safety until the end rollers are again in place and 
the bolts in their sockets. After the end rollers 
are drawn, then and not till then the bridge can 
be swung, and each operation locks the preced- 
ing one as it is performed so that they can only 
be reversed in the same order except that it is 
possible to release the bolts while the bridge is 
open so that they may drop into their sockets as 
the bridge swings around. There is no possible 
way by which the safety signal can again be dis- 
played until the bridge is swung back in position 
for crossing, the end rollers in place, and the 
bridge held by the latching bolts. And when the 
safety signal is again set it is impossible to move 
any of the rest of the machinery. 

Another feature in these bridges which is be- 
lieved to be peculiar to them is the method 
adopted for adjusting the heights of the ends of 
the spans. Ordinarily a somewhat tedious com- 
putation is made to ascertain how much the ends 
of the bridge may be expected to drop, and the 
chords are lengthened and shortened accord- 
ingly to bring the ends to a level when swinging 
free. This is not a very satisfactory proceeding, 
for the actual deflection of the arms rarely corre- 
sponds to that calculated and not infrequently 
there is slightly different deflection in all four of 
the arms. In these bridges the adjustment of the 
ends to the required height is accomplished in 


chords and all four ends are jacked up until they 
are exactly at the same level when thin plates are 
inserted in the open joints of the chords to hold 
them in this position and the chords then riveted 
up, thus easily and quickly adjusting the ends to 
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abutments, leaving a clear waterway of SO ft 
The ashlar rests on wooden cribs filled with 
concrete. The abutment cribs also have oblique 
rubble-filled wings to receive the toe of the 
rubble embankment in the lake. The sub 
foundation of the Allen's Point drawbridge 
is of piles driven into very fine sand; of 
the drawbridge at the “Gut,”’ ledge rock and hard 
pan dredged and leveled with rubble to receive the 
conerete cribs; of the Pelot’s Point drawbridge. 
(Fig. 2) piles driven through mud and through a 
substratum of hard clay to ledge rock, which was 
roughened and partly stepped by sub-aqueous 
blasting, the entire area between abutments 
pivot and rest piers being riprapped to a depth of 
oto 7 ft. At drawbridge No, 8, Pelot’s Point, the 
water is about 23 ft. deep. The lake bottom at this 
place consists of about 15 ft. of viscous mud un 
derlaid with 10 to 2O ft. of stiff clay immediately 
over the bed rock. The foundation adopted con- 
sisted of piles driven to rock, sawn off just above 
the mud and bearing wooden cribs filled with con 
crete to near low water mark, and ashlar masonry 
from there up (Fig. 8) Portions of the surface 
of the rock at the sites of the two abutments had 
a slope of about 25 These portions of the rock 
surface were thoroughly roughened (Fig. 2) and 
made somewhat less sloping by sub-aqueous 
blasting with heavy charges of 70° dynamite, the 
holes being about Sto ins. in diameter, 4 to S ft. 
deep, and 6 ft. apart, and about half filled with 
the explosive. The 24-in. bottoms of the cribs 
were extended out beyond the side wall of the 
cribs to make a greater bearing surface, the ad- 
ditional piles to support them affording increased 
lateral stability, which was further increased by 
dumping rubble about 4 ft. deep between the tops 
of the piles, and also by forming a continuous 
riprap of rubble between the pivot pier and both 
abutments. Mr. H, W. Brinckerhoff, M. Am. Soc 
Cc. E., and Mr. Thomas F. Chappell were consult- 
ing engineers on the foundations for this bridge. 

Besides the bridges for permanent way, which 
have been described, a number of bridges were 
built to carry highways and farm roads over the 
railway. Some of these overhead highway 
bridges were steel structures and others were stee) 
timber structures. Fig. 4 gives the details of on« 
of the steel bridges having a span of 21 ft, 9 in., 
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FIG. 4. DETAILS OF OVERHEAD STEEL HIGHW AY BRIDGE, RUTLAND-CANADIAN R. R. 


exactly the same height. The actual height of the 
ends, within limits, is of small importance but it 
is essential to perfect operation that they should 
all be of the same heizht. 

These bridges are about the extreme limit of 
size and weight possible for operation by hand 
power within reasonable time limits. The draw- 
bridges have circular pivot piers and U- 


the drawing being so complete that no further 
description ig necessary. Fig. 5 gives the details 
of one of the temporary wooden bridges erected 
pending the delivery of the steel bridges. 
Except at bridges there are no openings in the 
tracks, all cattle passes (Fig. 6), culverts (Fig. 7) 
and drains being covered, and the cattle guards 
(Fig. 8) being of the surface type. All culverts 
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and cattle passes are stone box. The watershed 
on the islands is small, and only one arch culvert 
was built. The stone for bridge masonry came 
from a limestone quarry opened by the railway 
company on South Hero Island, and to which 
quarry a spur track two miles long was laid. 
This stone in blocks of from 1 to 5 cu yds. was 
used for the outer slopes of the rubble embank- 
ments in the lake. 

LAKE EMBANKMENTS—The most note- 


bankment the sizes of the blocks in the exterior portions 
shall be not less than 10 cu. ft. and average not less 
than 15 cu. ft. each. The exterior portions shall be car- 
ried up simultaneously with the interior portions so as to 
bond them together. 

The rubble embankments were designed and 
their grade established after a few weeks’ study 
of the wave action at different places on Lake 
Champlain, and after enquiries among the United 
States Engineer Officers, skippers, boatmen and 
farmers long familiar with that lake. These 
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FIG. 5. DETAILS OF OVERHEAD TIMBER HIGH WAY BRIDGE, 
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worthy features of the construction are the 
lake embankments (Fig. 9). Of these there are 
three: No. 1 from the mainland at Colchester 
Point to South Hero Island at Allen’s Point, 3.24 
miles; No, 2 from South Hero Island at Tromp’s 
Point to North Hero Island at Bow Arrow Point, 
0.5 mile; and No. 3 from North Hero Island at 
Pelot’s Point to the mainland at Alburg Tongue, 
U.83 mile. These lake embankments are built of 
rubble dumped from a temporary trestle. Stand- 
ard gage, single-truck side dumps were used. 
Iixcept for the small amount of material obtained 
from the through cuts for the roadbed approach- 
ing the lake shore, the rubble for these embank- 
ments came from side face borrow pits opened 
on the low bluffs along the lake shore adjacent 
to the roadbed and near the ends of the lake em- 
bankments. The, face of the borrow pit averaged 
about 18 ft. The explosive used was 40” 
dynamite, or black powder, depending on the 
character and dip of the rock. Some Jud- 
son powder also was used, but the explosive 
was generally 40% dynamite. The material blasted 
was loaded into cars by steam shovel. The rub- 
tle embankments are 15 ft. wide at sub-grade 
and have an average slope of about 1.3 horizontal 
to 1 vertical. Where the core was built of larger 
stone or where the heavy stone for exterior slopes 
were promptly placed the embankment took a 
slope of about 1 on 1.1, except near the surface of 
the water, where in all cases the wave action 
produced a slope of about 1 on 1.7, forming a 
small berm in the embankment. Sub-grade is 
at an elevation of 12 ft. above low water mark. 
The range of the lake is about 7 ft. The grade is 
made 0.5 ft. higher at the lake bridges, elevation 
of base of rail on these bridges being 13.5. Fol- 
lowing is an extract from part of the clauses on 
rubble embankments in the specifications: 

The lake crossings will be made with rubble-stone em- 
bankment, having drawbridge openings where designated. 
The material for these embankments will be obtained 
principally from the rock cuts for the roadbed near these 
crossings and by widening these cuts. The interior por- 
tion of these embankments shall be made of stone of 
such sizes as naturally blast out of these cuts, except 
that no stone shall be less than % cu. ft. in capacity 
and the average size for this interior filling shall not 
be less than 1 cu. ft. in capacity. Sound field stone of 
these sizes may be used in the interior filling. The smal! 
fragments produced by quarrying may also be deposited 
in the interior part of the embankment at the written 
order of the chief engineer, or at his direction it shall 
be delivered onto the roadbed by the contractor for 
ballasting. If thus used for ballast it may at the dis- 
cretion of the company be crushed or broken to a suitable 
size at the company’s expense and then taken by the 
contractor for ballasting as from a ballast pit. The ex- 
terior slopes of the embankments for a thickness of not 
lees than 4 ft. into the body of the embankment at its 
base, and 3 ft. at its top, shall be of sound rubble stone 
dumped into place so as to make a general slope of one 
to one, as shown on plans and as directed by the engineer. 
rhe blocks for this exterior portion on the lake side of 
the embankment shall be not less than 15 cu. ft. in con- 


tents each, and the average contents of each block shall 
be not less than 22 cu. ft. On the bay side of the em- 
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opinions, of course, varied, 
but the general consensus 
was that at the proposed 
sites for these embankments 
the maximum wave height is 
about 514 ft. from trough to 
crest. Observation during 
construction confirms this es- 
timate. The only other cri- 
terion available and used in 
the design are the Government breakwaters in 
Lake Champlain and in similar lakes. It was recog- 
nized that attimes of high waterand rough weather 
some of the spray would reach the track even if 
the latter were twice its present height above 
low water mark, and it was deemed more econom- 
ical to build so as permanently to withstand 
any dislocation of the roadbed by the waves, and 
to neglect the spray action. It was thought that 
for a few days in the spring and fall ice might 
form from spray on the rails, but that it could 
be removed by salt. This expedient, however, 
has not been necessary, and there has been abso- 
lutely no trouble from spray, although occasion- 
ally a few light drops dash to the top of the tele- 
graph poles. The embankment between Colchester 
Point and Allen’s Point (named for Ethan and 
Ira Allen, who had a farm there), is curved to fit 
a sand reef most of the distance. A straight line 
between the two ends would come into deeper 
water and involve much heavier quantities. 
LAND CUTS AND FILLS.—The work on land 
includes nine rather heavy clay and rock cuts 
ranging from 16 to 35 ft. deep, and from 1,200 to 
8,500 ft. length. The total earth excavation on 
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the line was about 700,000 cu. yds., and the total 
rock excavation about 200,000 cu. yds. The lake 
embankments were measured in embankment 
only, and comprised nearly 1,000,000 cu. yds. of 
rubble thus measured. The shovels engaged in 
handling the material for the rubble embank- 
ments were one improved Bucyrus, weighing 
about 90 tons, three Marion company’s Model G, 


and two Marion company’s Model A. They were 
engaged about sixteen months and worked doub 
shift about one-fourth of the time. Besides tho 
on the lake embankment work, there were 
the land grading one large shovel and three sm. 
ones, or a total of ten shovels on the entire wo: 
ORGANIZATION.—During the construction 1) 


work was divided into six residencies, of aby. 
eight miles each, under the following named re- 
ident engineers: G. B. Boggs, F. R. Davis, 
M. Hayward, G. R. Heckle, I. S. Lhoyd, H. Li: 
say, G. L. Mattice and G. R. Olney. Immediat: 
after the right of way was secured the telegrap 
line was built and used for telephone connectin: 
all resident engineers’ offices and ail hea, 
and important parts of the work with th 
chief engineer’s office at South Hero, which als 
had public long distance connection, the gays 
at lake crossings being supplied with rubb«; 
covered cable. The chief engineer's office assis: - 
ants comprised a clerk, a stenographer, the 
draftsman, Mr. W. H. G. Mann, and two or thre: 
assistant draftsmen and computers. Every after- 
noon or evening each resident engineer and in- 
spector reported to the engineer's office by tel: 
phone the events of the day, the message being 
taken in shorthand by the stenographer and typed 
The more important reports were confirmed by, 
letter. Special happenings were reported at any 
time of the day as they occurred. When the chic! 
engineer was out on the work he received thes: 
reports and gave instructions by telephone from 
the various telephone booths along the line. The 
Consulting Engineer on location was Mr. R. W. 
Leonard, M. Can. Soc. C. E. On the latter part 
of construction there was a principal assistant 
engineer, Mr. A. L. Bowman, Mem. Am. Soc. C E., 
during the heaviest work near the end, and later 
Mr. I. S. Lloyd, during the finishing up part 
The designing and constructing engineer of al! 
the steel bridges was Mr.’ C. F. Stowell, M. Am 
Soc. C. E. 

The road was built by the Champlain Construc- 
tion Co., which also performed all the engineering 
and legal services. This company sub-let all the 
construction, except bridge super-structures, t» 
O’Brien & Sheehan, of New York, General Con- 
tractors. The bridge super-structures were built 
by the Edge-Moor Bridge Works, of Wilmington, 
Del., except the short girder span which was built 
by the Rochester Bridge and Iron Works. The 
President and Treasurer of the Champlain Con- 
struction Co. are, respectively, Mr. Percival W. 
Clement and Mr. Henry G. Smith. Mr. Clement 
authorized the construction of the lake embank- 
ment between Colchester Point and Allen’s Point, 
notwithstanding the criticism that such construc- 
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tion was unprecedented, and thus made the is!- 
and route possible. The preliminary surveys be- 
gan in November, 1898. Several lines were run 
on both the island and the mainland route. Bids 
were received and contract awarded Februar) 
8 and 9, 1899. Ground was broken March 9, 1899, 
and the road was opened for traffic December 
16, 1900. 4 


+h 
| 
| 
Ls 
| 
opr 
26" 
leu 
H HY WH 
[ | 
+ 
| 
4 
| 
} 
~-4 


January 15, 1903. 


ENGINEERING NEWS. 


49 


AGRICULTURAL ENGINEERING.* 
py Elwood Mead, M. Am. Soc. C. E.+ 


This branch of engineering is as yet in a nebulous state 
in this country. So little attention has been given to it 
chat it has no clearly defined limitations, if indeed it 
exists at all. Professor Shaler, of Harvard, holds to the 
latter view and says that there are no trained agricultural 
this country, nor institutions of learning 


lems of sewage, sanitation and water supply of farms, 
irrigation and drainage of lands, and the designing and 
operation of farm machinery, including therein the various 
applications of power to farm work. Roads and road 
making, which are of vital importance to the farming 
classes, are not included because so closely related to the 
other work of the civil engineer, and already a prominent 
feature in courses of instruction in schools of civil en- 
gineering. 

The civil engineers engaged in drainage and irrigation 
were not trained for this work, although a few colleges 
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tunity for such men. The rapid growth of the nation in 
population is making it desirable that large areas should 
be made haoitable which cannot be cultivated without 
reclamation work requiring both a knowledge of agricul- 
ture and engineering. The swamp lands of the East need 
‘o be drained; the arid lands of the West to be watered. 
fo do this in the best way requires a knowledge of sub- 
jects now taught in only a few of our schools of civil 
eugineering. Mechanical engineers are working a revo- 
lution in agricultural methods by improvements in farm 
mplements and machinery and they are destined to do 
more in the near future. They have not been trained for 
this work and with such special training they will be 
more efficient in the future. The object of this paper is 
‘o show the relation of engineering to the growth and 
prosperity of our greatest industry and to urge that 
s-hools of instruction be established which will be as fitly 
planned and fully equipped as the schools of law, medi- 
cine and civil engineering now are. 


RUTLAND-CANADIAN R. R. 


have now courses of instruction in these subjects. Tho-e 
who have qualified themselves in the school of experience 
have undergone many unpleasant experiences, and their 
employers have sometimes been called upon to pay some 
large tuition fees. The larger problems of the future in 
both these fields render it desirable that the engineers who 
are to solve them be specially trained for their tasks. 

Anyone who will seriously consider the part which ma- 
chinery plays in the farming operations of this country 
cannot fail to be impressed with the enormous gain to 
farmers by an improvement either in the design or opera- 
tion of harvesters which would increase their average 
day’s work a quarter of an acre, or the saving which 
would come by lengthening their period of use a single 
season. Within the past ten years a new kind of plow 
has been put on the market. The departure from former 
types is revolutionary. Is it an improvement or a fad? 
If one, the gain is stupendous; if the other, the waste of 
the experiment is serious. 


ment of an eight or ten-hour day in the city has caused 
the worker in the country to refuse to labor from sunup 
to sundown. In order to meet these new conditions the 
farmer has had to plan his work with more care than in 
the past. He must lay out his fields and design his build- 
ings to save in his outlay for labor and economize by the 
expenditure of large sums of money in the purchase of 
machinery of the latest and most approved types. He 
would not have succeeded as he has without the codpera 
tion of the inventor and manufacturer 

In my boyhood corn was dropped by hand and covered 
by a hoe. Its early cultivation was all by hand labor and 
the cutting and shocking of corn fodder was the most la- 
borious and disagreeable work of the year. In many 
Western States it has been impossible for several years to 
secure men to do the last-named work. All this is now 
being changed. Corn is planted by machinery, the hve 
has disappeared in its cultivation, and recently machines 
for cutting and shocking corn fodder, for shucking the 
ears, shredding the blades and splitting the stalks for the 
paper maker have come into use. In less than a quarte: 
of a century every detail of the production of our ieading 
cereal has been revolutionized by inventions 

The part which machinery plays in farming operation 
is shown by the fact that more than $150,000,000 is in 
vested in factories for its manufacture, while the annual 
output is worth more than $100,000,000. The purchase 
and repairs of machinery is one of the principal expenses 
of the mouern farm. This is particularly true in many 
parts of the West, where farming is carried on en an 
extensive scale with ali of the system and business o: 
ganization which characterizes any modern industry. On 
a single farm in Dakota there are in operation 7 plows 
(ll of them being gang plows), 64 harrows, $2 grain 
drills, 34 harvesters, 7 traction engines and 50 wagons 
On one of the bonanza farms in California there are 100 
wagons and over $100,000 is invested in farm machinery. 

The changes in implements used on the farm are not 
more radical than the manner in which the different forces 
of nature are being utilized. Steam, gas, electricity sre 
all being largely made use of to replace animal power 
The traction engine and automobile dispute the country 
roads with the horse Electricity is beginning to turn 
wheels on the farm as well as in the factory. The cheap- 
ness with which electricity can be transmitted long dis- 
tances is making available the unused water power of the 
mountain regions of the West for new and hitherto un- 
thought of purposes. Water is being pumped for irriga- 
tion by power transmitted from mountain canyons “40 
miles away, and it seems only a step from this to the 
plowing of fields and the threshing of grain by the same 
agencies. 

With the best tools this country will continue to out 
strip its competitors in the race for the world’s markets. 
The significance of this is appreciated by European coun 
tries, where institutions for the study and betterment of 
farm machinery and for the education of farmers in its 
more effective use are supported by the State with highly 
beneficial results. Thus far practically nothing has been 
done in this country in the way of original research, and 
in only a few of the agricultural colleges is there any 
systematic training in the principles of design or in the 
construction or operation of different types of farm ma 
chinery. 

DRAINAGE AND IRRIGATION. 

Let us now consider the relation of drainage and irriga- 
tion engineering to the agricultural development of this 
country. Both of these branches of agricultural engineer- 
ing have been of great practical importance in European 
countries for many years, but it is only recently that we 
have awakened to a realization of the part they are to 
play in increasing the boundaries of cultivation and the 
opportunities for home-making in the United States. The 
first century of our national life was devoted to subduing 
the continent. We were active but in a destructive 
fashion. In many places the soil was skinned rather than 


FIG. 9. VIEW OF LAKE EMBANKMENT, RUTLAND-CANADIAN R. R. 


\s we are considering something which is needed rather 
‘han something which exists, it seems well to define what 
agricultural engineering, as dealt with in this discussion, 
includes. It will be held to embrace the laying out of 
farms, designing of farm houses and farm buildings, prob- 


*Abstract of a paper read before the American Associa- 
tion for the Advancement of Science, in Section D, Me- 
chanical Science and Engineering, Washington, D. C., 
Dec. 31, 1902. 

+Chief Engineer Irrigation Investigations, U. S. Depart- 
ment of Agriculture. 


With this brief outline of what agricultural engineering 
includes, let us consider some of the reasons for believing 
that it is soon to become as important a professien or 
calling in this country as it is in Europe, and why there 
is need for better facilities for research and instruction 
than are now provided. 

IMPORTANCE OF AGRICULTURAL IMPLEMENTS 

AND MACHINES. 

The shorter hours of labor and lighter toil in factories 

have created « labor problem on the farm. The establish- 


cultivated, so that in the beginning of our national life 
we are confronted by large areas where the flelds are 
impoverished and abandoned, washed with gullies and 


overrun with briers and weeds. We have slashed away 


our forests, ruined water powers and wrought injurious 
changes in our climate. The indications are, however, 
that we have learned wisdom and that our development in 
the future will be along different lines. There is no longer 
an unsettled area to take the place of land rendered un- 
productive by erosion or exhausted by wasteful methods 
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of tillage. The unoccupied areas, both East and West, 
must nearly all be dealt with by the engineer before they 
can be cultivated. Nearly $200,000,000 has already been 
expended in the construction of irrigation works, but the 
construction of storage reservoirs to hold back the floods 
and of immense main line canals to divert our largest 
rivers is largely a work for the future. These will afford 
employment and opportunities for a large number of 
properly trained young men. 

Drainage is only second to irrigation in its possibilities 
for extending the area now cultivated. Some of the most 
productive lands of California have been reclaimed by 
dykes and drains. The marsh lands along the Atlantic 
and Gulf seaboards are estimated by Prof. N. S. Shaler 
to have a productive capacity four times that of the State 
of Illinois. All that they need is drainage. The news- 
papers report that $4,000,000 is soon to be expended in 
reclamation work of this character between the city 
of New York and Poftland, Me. A drainage canal 60 
miles long, 60 fr. wide and 7 ft. deep is now being ex- 
cuvated in Indiana. Many of the States of the Mississippi 
Valley have passed State drainage laws and provided for 
carrying out this work as a public improvement. In time 
all of the larger irrigated districts of the West will have 
to be drained. Comprehensive plans will be essential to 
uccess. 

IMPROVEMENTS IN FARM BUILDINGS AND IN THE 
ENVIRONMENT OF THE FARM. 

it will be admitted without question that the designing 
of the different buildings required on the modern farm 
is a far more complex matter than it was 50 years ago. 
At the earlier date these buildings were mainly storage 
places for implements and crops and shelters for stock, 
but in recent years these buildings have become as com- 
plex in coustruction and need to be as carefully planned 
as factories. Silos to secure larger returns in the feeding 
of certain crops, the grinding of grain and cutting of 
fodder are iilustrations of these changes in methods. Not 
only bas this resulted in a broadened opportunity for 
tudy in the improvement of designs of these buildings, 
but the question of material to be used in their construc- 
tion must receive attention in the near future. So long 
as timber was abundant and cheap lumber was the prin- 
cipal material used, but with the removal of our forests 
and the increasing cost of wood the time is not far dis- 
taunt when brick, concrete, stone and metal will have to 
be more largely used. Moreover, under modern conditions 
where high-bred, high-priced stock is grown, the questions 
of stable sanitation, lighting and ventilation have as- 
sumed an importance second only to that of house ven- 
tilation, but the data upon which to base an efficient sys- 
tem of ventilation alone are of the most limited, unreliable 
haracter. 

it is in every way desirable that farm life should be 
made more attractive and that more attention shall be 
given hereafter to beautifying the environments of rural 
homes through the artistic laying out of gardens, build- 
ings and roads. For the performance of this work in the 
best manner, the services of agricultural engineers are re- 
quired and we already find here and there men who have 
had opened to them careers of usefulness and influence 


_ through having given special attention to these subjects. 


Without doubt this phase of agricultural engineering is 
destined to have as important a place in this country as 
it already occupies in European countries, and it is time 
that provision should be made for systematic instruction 
along these lines. 

RELATION OF THE U. S. DEPARTMENT OF AGRI- 
CULTURE AND THE AGRICULTURAL COLLEGES 
AND EXPERIMENT STATIONS TO THIS SUBJECT. 

The agricultural colleges of this country have in recent 
years given serious attention to this subject. A committee 
on methods of teaching agriculture has formulated a 
course which has been published in Bulletin 45, pp. 6 
and 7, of the Office of Experiment Stations. The Uni- 
versity of California and the State Agricultural College of 
Colorado offer courses in irrigation engineering, and Il- 
linois and Wisconsin in farm machinery. The interest 
hown in this subject seems to show that the time is ripe 
for further action. All agricultural colleges should give 
instruction in those elementary engineering principles 
which have a practical bearing on farm management, 
while a few of the better equipped institutions should 
provide thorough courses, having as a foundation a 
veneral course in mechanical and civil engineering. Men 
o trained would, I believe, be in immediate demand in 
the management of industrial and engineering enterprises 
connected with agriculture. 

One difficulty which now confronts our colleges is the 
lack of text books and of properly classified and verified 
information. There are many subjects about which we 
know little, and where the need of advanced research is 
now urgent. It is believed that the U. S. Department of 
Agriculture can by coéperating with the agricultural col- 
leges and experiment stations do much by collating and 
publishing the results of investigations in this and other 
ountries and by aiding the different institutions in mak- 
ing researches along the line of their special equipment. 
Dr. True, Directer of the Office of Experiment Stations, 
has long felt a deep interest in this matter, and it was 
largely through his efforts that a committee to plan 
a course of study was formed. This was supplemented at 


the last annual meeting of the association of agricultural 
colleges and experiment stations by a committee on agri- 
cultural engineering The irrigation investigations of 
this office, which has for several years been studying th 
problems of irrigation, has recently broadened its work 
by including drainage and the applications of power to 
pumping and other kinds of farm work. The demand for 
the reports of these investigations by the professors and 
students of Western colleges leaves no doubt of the bene- 
fits of a further broadening of these researches to include 
the whole field of agricultural engineering 


RULES FOR WORKING LOADS OF WIRE ELEVATOR 
ROPES. 

By H. C. Newcomer, Captain, Corps of Engineers, 

After the admirable article on “Determining the 
Size of Hoisting Plants” which appeared in En- 
gineering News of Oct. 16, 1902, any further re- 
marks on the subject may seem superfiuous, but 
an investigation into the present common prac- 
tice concerning sizes of wire ropes and sheaves 
for passenger elevators has disclosed an amazing 
disregard of the usual factors of safety consid- 
ered advisable in the design of engineering struc- 
tures. It is believed, therefore, that a statement 
of the information gained may be of interest to 
a considerable number of persons and may possi- 
bly elicit further discussion that may lead to ma- 
terial improvement in methods of designing such 
plants. 

A recent application for permit to install an 
elevator plant in a hotel in Washington, D. C., 
was disapproved on the ground that the sizes 
of wire ropes and sheaves did not comply with the 
building regulations on that subject. It was pro- 
posed to use %-in. iron wire ropes on sheaves of 
varying diameters, the least of which was 30 ins., 
the static load on each rope being 750 lbs. The 
regulations give a minimum diameter of 42 ins. 
for this size of rope. The building inspector sug- 
gested the use of %-in. ropes instead of the 5%-in. 
as they had sufficient strength and would com- 
ply with regulations as to size of sheave. The 
designer of the plant made a vigorous protest 
against the adverse decision, claiming that the 
plans were well within the limits of good practice. 
He seemed to be particularly struck with the ap- 
parent absurdity of allowing smaller ropes where 
larger ones were rejected for the same service. 

In the absence of Captain Harding, to whom 
such questions are ordinarily referred as being in 
charge of the Building Department, I was asked 
to look up the matter to ascertain whether the 
regulations were well founded, so as to justify 
the District authorities in requiring compliance 
with them. The portions of the regulations per- 
tinent to this discussion require that a passenger 
elevator “‘shall have at least two hoisting ropes 
attached thereto, and two ropes attached to any 
counterweight used in connection with the ele- 
vator. All ropes will be independently fastened 
at their terminals.”’ Also “the following are adopt- 
ed as the standard sheave for ropes of given di- 
ameter with 19 wires to the strand:’’ 


Break- Proper Minimum 


Weight ing working size 
per ft. in load in load in of diam. 
Diame- Ibs. tonsof tonsof of drum, or 


Trade ter, withhemp of 2,000 of 2,000 sheave, 
b 


No. ins. center. Ss. Ibs. ft. 

1 2% J 74.0 15 13 

2 2 6.30 65.0 13 12 

3 1% 5.25 54.0 11 10 

4 158 4.10 44.0 9 8% 

5 1% 3.65 39.0 8 ™ 

5% «1% 3.00 33.0 6% 7 

6 1% 2.50 27.0 5% 61 

7 1% 2.00 20.0 a 6 

Ss 1 1.58 16.0 3 5% 

9 % 1.20 11.50 2% 4% 
10 % 0.388 8.64 1% 4 
10% 0.60 5.13 1% 3% 
10% */16 0.48 4.27 % 2% 
10% 4 0.39 3.48 ly 244 
10a 0.29 3.00 Ry 2 
10% 0.26 2.50 1% 


It was at once seen that the above table is prac- 
tically identical with those given in manufac- 
turers’ handbooks for general hoisting purposes 
for Swedish iron rope consisting of six strands 
of 19 wires each. It allows a working load of 
about one-fifth of the breaking strength of the 
rope, and is apt to give the impression to the un- 
wary that it provides a factor of safety of five. 


*Assistant to the Engineer Commissioner of the District 
of Columbia, Washington, D. C. 


I quote the following paragraphs from 
of one of the leading manufacturers 


The working lads were calcul 
breaking strains, but it 
factor of safety is not recommended for al| oan 
imperative to determine for every set of cona 
sonable factor of safety. For instance pa 
seldom have a load of more than one-tenth ro 
of their breaking strain coisa 

The minimum sizes of drums or sheaves 
tables were calculated on a basis of rkins 
one-fifth the breaking Strain, and proy ded 
shall not have their wires strained beyond the 
when passing around the drums or sheave 
While the theoretical sizes for cast-steel rop< 
than for the corresponding iron ropes becau “ @ 
limit of the former is much higher than of the 
the modulus of elasticity is nearly the same fo: 
it is better to use the larger sizes of drums and 
for steel ropes, because when steel wire becon my 
nicked it cracks very easily. 


the 


AS¢ 


at 


The inference seemed to be obvious that 
opinion of the manufacturers the table j 
ulations might be properly used for 
hoisting plants, but was not considered 
plicable to passenger elevator plants w} 


n 


urally demanded larger factors of safety 
we not only appeared to be justified in re fu 
lower the requirements of the regulation 
were rather bound to increase them in 
terests of public safety. 

It was seen that a rational solutic n of the 
tion necessarily involved a determination » 
less approximate of the stresses developed in 
wires due to bending of the ropes around 
sheaves. The following theory of the be: 
stresses has been adopted as fairly satisfa 
Let E represent the coefficient or modulus of 

ticity; 

ap) | 3 the moment of inertia of ¢ 

section of the bent wire; 
R the radius of curvature of nev 
axis of bent wire; 
the bending moment; 
P the stress in pounds per squa 
inch in extreme fibers of be: 
wire; 


diameter of wire; 

diameter of wire rope; 

diameter of drum or shea\ 

the allowable working load 
pounds to be supported by rop 

the ultimate strength of the rop 
in pounds; 

acer si the area in square inches of cross 
section of metal! in rope; 

the factor of safety; 


Then combining the fundamental equation 
duced in the theory of transverse stresses, viz. 
EI 


R 
with the equation giving stress in extreme fibers 
due to bending, viz.: 


= M (1) 


a’ 
2 
P= —. (2) 
I 
we obtain for stress due to bending: 
Ed’ 
P= —— (3) 
2R 


It appears to me to be justifiable to assume tli 
radius of curvature (R) to be equal to the radiu 
of the drum or sheave, in which case the prece:! 
ing equation becomes: 


P= (4) 


It is doubtless true that the actual radius 
curvature is somewhat greater than that of 
drum (and therefore apparently the stress 
formula too great), as is assumed in the form: 
adopted by the Trenton Iron Co., in which an 4! 
lowance is made for the average distance of | 
wire from the surface of the drum, and also 
allowance for excess in length of wire, du: 
compound spiral form, over length of correspone 
ing portion of rope. On the other hand it shou! 
be noted that the formula is based on the a> 
sumption that each wire is bent independent! 
of the others, whereas as a matter of fact thes 
individual bending stresses in certain wires ™4) 
be materially increased by stresses transmitt: 


| 
Ed’ 
D 
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ae ires through frictional forces devel- 
ery" een wires. This becomes very appa- 
"von through lack of proper lubrication the 
pact g rusty and the outer wires break around 
pen where they gave satisfactory service 
lea good condition. The theoretical expres- 
sion for bending stress adopted by the Trenton 
Iron co. gives as bending stress for a %-in. rope 
on a 30-in. drum a value about 7% less than that 
-esylting from formula (4). It appears reasonable 
ee to suppose that the stresses due to bending 
are increased by at least this percentage due to 
inter? friction in the rope, even when properly 
jubricated, and as the formula has great advan- 
tage on account of simplicity, it has been adopted. 
To make it more convenient of application in the 


ordinary case of rope consisting of six strands of 
19 wires each, in which case the diameter of the 
wire is 1-15 of the diameter of the rope, the stress 
ic given in terms of d as follows: 
Ed 
= —— (5) 
15D 


\ssuming a value of 27,000,000 Ibs. for E, in case 
¢ iron wire rope, we obtain: 
d 
P = 1,800,000 —— (6) 
D 
It at once becomes apparent how important the 
hending stresses are. One of the common rules 
used is to make the diameter of the drum 50 
times the diameter of the rope, in which case it 
is seen that the bending stresses alone are 36,000 
lbs. per square inch in extreme fibers. 
Reverting to the original expression for P, in 
order to obtain a formula of general application 
for allowable loads, we can at once write: 


s L Ed’ 
(7) 
Ka a D 
Ss Ead’ 
— (S) 
K D 


Adapting this to the ordinary case of rope hav- 
ing six strands of 19 wires each, for which a may 
be taken equal to ?/s d?, and d’ = */is d, we obtain: 

2E 
=——-—— (9) 
K 75D 

Assuming for iron wire E = 27,000,000, and for 

cast-steel wire E = 28,500,000, we obtain for iron 


wire: 
s 
= — — 720,000 — (10) 
K D 
and for east-steel wire 
Ss a’ 
L = — — 760,000 — (11) 
K D 


It only remains to select a factor of safety in 
order to obtain a working formula. Judging from 
practice in other uses of iron and steel, and im- 
pressed with the relatively arduous conditions at- 
tending this use in hoisting ropes, I at first 
thought a factor of safety of four would be the 
least that could be justified for conservative prac- 
tice such as should characterize municipal regu- 
lations. Further consideration, however, making 
allowance for the arguments of those who are 
closely identified with elevator construction and 
who strenuously object to such revolutionary 
treatment of the subject, has convinced me that 
it would be allowable to reduce the factor of safe- 
ty to three. This value is used in the tables of the 
Trenton Iron Co., which were published in very 
convenient form in Engineering News of Oct. 16, 
142, and with this value the formula gives re- 
sults that practically accord with these tables. 
The accompanying diagram has been prepared by 
use of the formula to illustrate the influence on 
allowable load of the size of sheave and strength 
of material used in rope. 

Even with this low factor of safety it will be 
Seen that the iron ropes would be practically ex- 
cluded from elevator service, where on account 
of the limited space the sheaves usually range 


fy 


from only about 24 or 30 ins. to 42 or 44 ins. in 
diameter. 


It appears that over 90% of the elevator ropes 
now in use are of iron wire, and judging from re- 
plies received from elevator builders and insurance 
companies the common rule of proportioning ropes 
and sheaves is to assume one-tenth the breaking 
strength of rope as its proper load and make the 
sheave 50 times the size of the rope. Substitu- 
ting these values in the formula for iron rope it 
will be seen that there would result a factor of 
safety slightly less than two. 

In the light of this fact it may be of interest 


14,000 
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= 
= 5,000 
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Working-Load Diagram for Wire Ropes on Drums 
Varying in Size. 
(Calculated on the basis that the extreme fiber stress, 


including bending stress. shall equal one-third the ulti- 
mate strength of the wire.) 


to quote from one of the elevator companies, as 
follows: 

Our practice is to make the diameter of the sheave 50 
times the diameter of the rope, and we use the Roebling 
list of cables with their given breaking strains, allowing 
a factor of safety of ten to one for passenger service and 
eight to one for freight service. 

The italics are mine. Another elevator com- 
pany uses practically the same language. 

Such a loose use of the term ‘‘factor of safety” 
could hardly come from such a source through 
ignorance of the actual conditions, but there can 
be little doubt that it is misleading to the ordi- 
nary person. 

A prominent manufacturing company sent a 
special representative to discuss the matter with 
us and give us the benefit of its large experience, 
as it was recognized that aside from the local im- 
portance of the matter a regulation on the subject 
adopted in Washington might influence the munic- 
ipal authorities in other cities. This representa- 
tive advised that the elastic limit of the material 
be adopted as the maximum stress to be allowed 
in applying the proposed type of formula. The 
elastic limit of the iron wire may be taken at 60), 
of the ultimate strength. In the higher grades of 
steel wire it runs up to between 80 and 90% of ul- 
timate strength. Provision could be made in the 
formula for increase in the pull on the rope due 
to very sudden acceleration or stopping of the ele- 
vator. This increase was stated, as the result of 
experiments, not to exceed 30% of the static load. 
It was pointed out that the rope retains 60% of 
its original strength when every outer wire is 
broken at any given section; that the nature of 
the service is such as to permit ready inspection 
and replacement of damaged ropes; that the 
question at issue was therefore not so much one 
of safety as of the life of the rope. It was further 
asserted that iron ropes give much more satis- 
factory service than steel ropes, and that the as- 
sumption of any materially smaller maximum 
stress than the elastic limit would bar out exist- 
ing plants giving satisfactory service. 

Such arguments from one in a position to speak 
with authority naturally made us hesitate as to 
proper course to pursue, but they have not con- 
vinced me that it would be proper to use a formula 
that at best could only be applicable to new rope 
in first-class condition. The necessary wear on 
ropes incident to the service, the inevitable varia- 
tions in strength of new ropes, the almost certain 


lack of proper care in numerous cases, all seem to 
indicate that no unreasonable burden would be 
imposed by requiring at least a factor of safety of 
three. This may be illustrated by a recent case 
in Washington. Notice was served on a hotel 
owner to renew the ropes on a certain elevator. 
He promptly protested against the order, stating 
that the elevator had just a brief time before been 
approved by the inspector of an insurance com- 
pany whose inspections were entitled to much 
more confidence than those of the Building De- 
partment. Moreover he stated, evidently thinking 
this would clinch the matter, that the elevator 
had had practically almost no use during the sea 
son. since the Building Department had inspected 
and approved it last spring. The explanation 
proved to be that the cage had been in one pos!- 
tion during the summer, and the portion of the 
rope across the top of the shaft had rusted. The 
owner promptly capitulated when he was shown 
the broken wires in this portion of the rope. 

The question appears to narrow itself down to 
the point whether cast-steel ropes would give sat 
isfactory service. If so, it is apparent from the 
diagram that there would be no difficulty what 
ever in securing with them a factor of safety of 
three, which appears to be impracticable with iron 
ropes. The principal objection to the steel seems 
to be that its greater hardness wears the sheaves 
more rapidly, with probably a resultant differen- 
tial movement between ropes on same sheave that 
would destroy both ropes and sheave. This in- 
creased wear would be especially notable,if smaller 
steel ropes were used, increasing the pressure per 
square inch on sheave. It is also stated that when 
new ropes replace old ones that have worn into 
the sheaves the life of the ropes is much short- 
ened, and this is said to be particularly noticable 
in the case of steel ropes. Nevertheless, steel 
ropes are used more or less and prominent eleva- 
tor construction and insurance companies testify 
to the fact that the steel ropes give satisfactory 
service when of good quality. This refers to the 
cast or crucible steel. A striking instance of the 
value of high ultimate strength recently came tuo 
my notice on a grading contract where I was 
somewhat startled to find 5-in, rope on an 1S-in. 
drum handling trains of dump cars, and appar- 
ently giving satisfactory service. On inquiry I 
learned it was a very high grade of steel rope with 
ultimate breaking strength of 20 tons, which, ac- 
cording to formula, would give on an 18-in. drum 
permissible load of about 3,000 Ibs. with factor of 
safety of three. 

The following table gives the formulas in con- 
venient form for application for stated sizes of 
iron and cast-steel ropes having six strands of 19 
wires. each: 


Size of 
rope. -—Swedish iron.—, Cast 
90,000 95,000 
L= 2,983 -- ————- L= 5,867 — — 
D 
128,144 135,263 
*/yg-in. L = 3,667 — ————- L= 7,333 — ————_— 
D 
175,783 185,548 
5¢-i1n. L = 4,533 — L= 9,067 — ————— 
D 
308,772 320,648 
%-in. 6,467 — = 13.083 — 


D D 


THE FOREIGN COMMERCE OF THE’ UNITED 
States, for the eleven months ending with November, shows 
totals of $1,212,710,063 exports, and $874,966,557 imports 
says the U. S. Bureau of Statistics. These figures for the 
same period in 1901 were respectively, $1,328,186,121 and 
$800,426,231. The reduction of $116,000,000 in exports for 
1902 occurs largely in agricultural products: and the fact 
that the loss in these products amounts to $130,000,000, 
shows that there is really an increase in the export of 
manufactures The most striking increase in imports is 
in manufactures of iron and steel, amounting to $36,766, - 
961 in value for the eleven months, as compared with 
$18,267,677 in the corresponding period of 191. The re 
duction in agricultural exports is due largely to an in- 
creased home demand and to the loss of part of the corn 
crop of last year; the export of corn in eleven months 


having fallen from $49,501,374 in 1901, to $6,745,151 in 


1902. A large home demand, beyond the capacity of our 
own industries, will also account for the import of man 
ufactures in iron and steel; while nearly every article re- 
quired for use in manufactures here also shows a marked 
increase in the import list. 
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PROPOSED RETAINING BARRIERS FOR THE DEBRIS 
FROM HYDRAULIC MINING IN THE YUBA RIVER, CAL. 

Many of our readers are aware that the tailings 
from the large hydraulic mines in California have 
caused great damage by overspreading agricul- 
tural Jands, and accentuating the damage due to 
floods. In 1SS80, it was estimated that in the bed 
of the Yuba River alone there were more than 
140,000,000 cu. yds. of accumulated tailings. In 
onsequence of the damage caused by the hydrau- 
lic mining industry, suits followed to enjoin the 


— 


end. At first only the lower 5 or 6 ft. of the wells 
were filled with stone, and the débris allowed to 
complete the filling above; but this has not proved 
satisfactory, so the full depth is now required to 
be rock-filled. Thus, even after the logs decay 
there is a more or less effective rock-filled dam 
left. 

The limiting height of the log dam is usually 
40 ft., but plans have been approved for dams of 
even double that height, although so high a dam 
was never actually built. 


Levee 


Instead of building a dam to the heigh; 
proposed depth of deposit of tailings, a: 
pleting the dam as rapidly as possible, th, 
to first build a shallow barrier of brus 
with dry rubble, protected at the toe with 
piling. When sedimentation shall have rea 
a level within about 3 ft. of the crest of this } 
rier, additions to its height are to be ma le, 
entirely avoiding the necessity of building 
of weight and strength sufficient to withstan 
pressure of water of great depth. Ther 
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FIG. 1. MAP SHOWING LOCATION OF DEBRIS IMPOUNDING BARRIERS OF THE YUBA RIVER, CAL. 


mines. Aneffort was made under State direction to 
store the debris by means of dams in 1880-1881, 
but such work was discontinued, after the outlay 
of several hundred thousand dollars, partly owing 
to the ill-success of the dams, but principally ow- 
ing to the divided sentiment between the agricul- 
tural and mining sections of the State. Litigation 
continued for years while efforts were being made 
by the State to secure the aid of the Federal Gov- 
ernment through its interest in keeping the rivers 
open for navigation. The effect of such litigation 
was to practically stop hydraulic mining from 
to 

Finally, by an act of Congress, known as “the 
Caminetti act,’ approved Mar. 1, 1893, the Cali- 
fornia Débris Commission was created with ju- 
risdiction over hydraulic mining operations in the 
valleys drained by the Sacramento and San 
Joaquin River systems. The Commission re- 
quired hydraulic miners to make an application 
for a license to mine, and of the 1,565 applications 
made since its organization the Commission 
has granted 455 and has revoked 172 permits. The 
Commission at first confined its work to directing 
the manner in which débris impounding should be 
earried on by the miners; and as the methods used 
have proved effective, as far as they go, a very 
brief description is not out of place. 

Two types of barriers are in use, brushwork 
ind log cribbing. Brushwork is used in small 
ravines not subject to great freshets, and 20 ft 
is the usual limit of height of such barriers, al- 
though the barrier when first built is generally 
but 5 or 6 ft. high, layers of brush being subse- 
quently added as the reservoir filled up with 
débris. The brush is cut in lengths of 8 to 10 
ft. and laid in layers butt end down stream, the 
layers being separated by small logs, 5 to 12 ins. 
diameter, laid across the brush and lengthwise of 
the dam. The logs or poles serve mainly as 
spre aders to make up the difference in thickness 
between the butts and top ends of the brush. 
Wire is sometimes used for binding, and the whole 
weighted with gravel, or enough finer brush is 
used to make the structure comparatively water- 
tight, so that a settling basin of water is always 
maintained above the barrier when the mine is in 
»peration. The top of the barrier down stream is 
kept about 2 ft. higher than it is up stream to in- 
sure that the tops of the brush will become im- 
bedded in débris. The fact that no considerabie 
height of brush can be laid at one time on account 
of the springiness and lack of compactness, of 
course, limits the use of such structures. 

The log crib structures are made so as to form 
“log cabin” wells about 15 ft. on a side, the logs 
being notched and drift-bolted in the ordinary 
way. The cross-logs are inclined so that the down 
stream end is 2 or 3 ft. higher than the up stream 


In the river and harbor act of June 3, 1896, an 
appropriation of $250,000 was made, to be ex- 
pended by the Commission under the direction of 
the Secretary of War. The sundry civil act of 
July 1, 1898, modified the act of 1896, and author- 
ized the Secretary of War to specify that con- 
tractors for the work shall look to the State of 
California for pay for one-half the cost of im- 
pounding works. The act of March 3, 1899, pro- 
vides that the Secretary of War may, at his dis- 
cretion, do the necessary work by hired labor and 
purchases in the open market, when the aggregate 
of State and Federal appropriations are available 
and sufficient to complete the work projected. In 
1898, California appropriated $250,000, and in the 
year 1901 further joint appropriations of $300,000 
brought the total up to $800,000, which is the esti- 
mated cost of work now projected. 

The early surveys of the Commission made by 
Mr. Hubert Vischer, Asst. Engr., led to the con- 
sideration of a project, since abandoned, but re- 
ferred to as “the project of 1898,” in which it was 
proposed to build a high dam at what is known 
as the Narrows of the Yuba River.* Since the 
impounding capacity of such a dam would have 
been comparatively small (35,000,000 cu. yds.) the 
projector contemplated the building of a diverting 
channel or canal to carry the finer débris to a s °t- 
tling basin 28 miles distant; but as this involved 
considerable tunneling, and a total expenditure o/ 
more than a million dollars, the project was aban- 
doned upon Mr. Vischer’s recommendation. 

Later surveys and study of the problem finally 
led Mr. Vischer to devise a method of impound- 
ing the detritus at considerably less expense, and 


in a manner wholly novel; and, as will be seen 
later, this novel method is applicable to other and 
even more important hydraulic works, such as 
ordinary dams for impounding the waters of mud- 
dy streams for power purposes. In brief, Mr. 
Vischer’s new project, which has been adopted by 
the Commission, is as follows: 


*The Yuba River was found to be the source of more 
débris accumulations than all other tributaries of the Sac- 
ramento and San Joaquin put together. It is interesting 
to note that the material mined in 1901 by the hydraulic 
process under permits issued by the Commission is es- 
timated at about 1,308,000 cu. yds. 


be four such barriers in the Yuba River. Bar: 
No. 1 will be located about %-mile below Barrie 
No. 2, serving also to secure a water cushion 
arrier No. 2, and preventing erosion of 
gravel at the toe thereof. Barrier No. 2 is 
have a height of about 40 ft. above the present 
bed and a crest length of 1,000 ft., and is to I» 
built up gradually; while Barrier No. 1 wil! hay 
about the same crest length and a height of 18 ¢ 
26 ft. Both barriers are expected to raise th 
plane of river deposits about 40 ft., and hold abou 
3,000,000 cu. yds. of coarse tailings on an as 
sumed grade of 15 ft. per mile, at a cost of abou 
7-10-ct. per cu. yd. for such impounding. 

The next, or Flood Overflow Barrier, is to | 
located about three miles down the river. It is 
to be a low structure, 4,000 ft. in length, consis! 
ing of some cribwork, with rockfilling, sheet pilin: 
and paving. During floods (assumed at 125.) 
cu, ft. per sec.) it will be submerged; at ordinary 
river stages it will divert all the water into a set 
tling basin. 

The last, or Daguerre Barrier, 1144 miles furth 
down stream, will have a crest length of 3,000 f 
and a general height of 14 ft.; it will be a brush 
and gravel structure heavily faced with rock. T! 
tailings are too deep to admit of going dow: 
to rock foundations. 

Barrier No. 1 and Daguerre Barrier serve prin 
cipally to divert a large portion of the flow of t! 
river through excavations in the solid banks, thu 
making it easier to take up the shock and jy 
vent erosion at the points of greatest drop 


FIG. 2. SKETCH SHOWING CONSTRUCTION OF 


YUBA RIVER DEBRIS BARRIER NO. 2. 


Fig. 1 shows the location of these barriers, 4! 
the settling basin with its “partition levee” on th 
south side of the river. This settling basin is in 
tended to impound the fine silt, and has a capacit) 
of 14,000,000 cu. yds. that by extension of th 
levees further down stream may be increase! | 
64,000,000 cu. yds. Inlet and outlet weirs are | 
be provided in the levee walls of the settling 
basin. 

Fig. 2 shows Barrier No. 2 in sufficient deta 
to render further description unnecessary. In «0s 
ing it may be well to emphasize the novelty © 
the plan of progressively increasing the height o 
the barriers from year to year, keepingyoace wit) 
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sna eedimentation, for there are not a few projects 
af jamming streams for power purposes that have 

on abandoned because of the certainty that silt 
W uld n greatly reduce the water storage ca- 


nacity of the reservoirs. If cheap silt impounding 

= can thus be built farther up stream, the 

rable of power development can be solved. 

Th st contract, for a part of Barrier No. 1 

.¢ the expenditure of about $28,000), has 
to the Atlantic, Gulf & Pacific Com- 
New York, and preliminary work under 


pan 

ne contract commenced on Nov. 138, 1902. It is 
xpect that other parts of the project will be 
carted as early in 1893 as the river will permit. 


The members of the California Débris Commis- 
cion during the two past years were: Col. S. M. 
Mansfield, to Feb. 9, 1901; Col. Jared A. Smith, 
from Feb. 9 to Sept. 22, 1901; and Lieut.-Col. D. 
p Heap, since Sept. 22; Lieut.-Col. W. H. Heuer; 
Capt. Herbert Deakyne, to Aug. 25, 1901; and 
Ist Lieut. R. P. Johnston, since Aug. 23. 


COKING IN BEE-HIVE OVENS WITH REFERENCE TO 


YIELD.* 
By Charles Catlett,, M. Am. Inst. M. E. 

My attention having been called several years ago to the 
yssibility of increasing the yield of coke per ton of coal, 
s obtained in certain bee-hive ovens, I called the atten- 
n of the Institute to the matter at the New York meeting 

1899. I have had occasion since to witness the indif- 
ference with which this matter is ordinarily considered, 
nd, on the other hand, the marked improvement which 
omes from even a most perfunctory effort in that direc- 
tion; and I am almost tempted to say that nothing in con- 
nection with the coking of coal is at present so important. 
There are other factors, which are fundamental and nec- 
essary; but they have been considered already; while the 
question of yield is, as a rule, absolutely ignored, or some 
figure is taken as the result of a special burning of one or 
wo ovens, and the assumption is made that the whole bat- 
tery is yielding at that rate. The uncertainty of this as 
sumption I may illustrate by saying that, in my own cb- 
servati the burning of a single oven in a battery fre- 
quently gives, by actual weight, as much as 69 or 70% of 
merchantable coke. while the battery as a whole was 

yielding only an average of 63%. 

Only from careful records,checked at least once a month. 
{the weight of the coal going to the ovens and the weight 
of coke produced, can any correct idea of the actual yield 
ve gained, or methods be modified so as to produce good 
results; yet, as a rule, the crudest estimates are usually 
the only availakie data. In many cases there are rea- 
sons for this loose practice. The coal is mined by meas- 
urement; the payment for drawing the ovens is in propor- 
tion to the amount of coal which goes to them; and, not 
uncommonly, the royalty is so much a ton of coke, not of 

val The mine-manager is tempted to increase the vol- 
ume of coat mined which is paid for as a ton, and to do 
‘he same thing in charging the ovens. Nor does he wish 
he royalty-charge to be changed in any way. The result 

s that often his records do not truly show within quite a 
large percentage the actual weight of coal mined and 
harged in his ovens. Yet until he has accurate informa- 
tion on this point, he cannot tell what is the amount of 
ss under present methods, or how to improve on them. 
[ venture the assertion that the owners of many plants 

the Connellsville region, otherwise well managed, who 
lacently accept Mr. Fulton's statement that the yield 
if the Connellsville coal in coke is 66%, would be aston- 
ished should they ascertain what is their actual yield. 

The effect of a slight increase in the yield per cent. is 
greater than is usually realized. For instance, if a bat- 
tery of ovens is yielding 60%, and the yield is increased to 
‘1%, there has been an absolute saving of one-sixtieth, or 
of the total value of the coke formerly produced, !ess 
the cost of loading—since all the other expenses remain the 
same. I have never yet examined a battery of ovens, 
where the attention of the management had not been ca'led 
to the yield, in which it was not possible to make an in- 

case of from 3 to 5%. If, for purposes of illustration, 
We assume that the former yield was 60% (which figure 
does not vary greatly from the general practice), the 
saving of 3% would mean a total saving of 1-20 of the 
output, and a saving of 5% would mean a total saving of 
1-l2th of the output. Enormous as this difference may 
fem, it is exceedingly common, and at times is greatly ex- 

eced I know of a coking-district which, as a whole, is 
y yielding 55 or 56%, though the coal could readily be 
made to yield from 65 to 70%. 

The loss of the byproducts in the 63,000 bee-hive coke- 
ovens in this country is an appalling waste of natural sup- 
*, and has been a fruitful source of discussion as to the 

fulness of our methods. If, however, I am right in 

elief that my own experience fairly represents the 


mp 
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are at least 1,000,000 to 2,000,000 tons of coke annually 
consumed and lost in our bee-hive ovens which, by any- 
thing like reasonable care and attention, could be saved 
As the average value of coke in 1901 was more than $2 
per ton, this represents a very large money value. 

This waste is worse than useless The excess of heat 
available from the gases, as shown by tests of a great va- 
riety of coals in the retort-ovens and ordinary tests of 
single bee-hive ovens, demonstrates to my mind that there 
is not a good coking coal which could not be coked in bee- 
hive ovens by the heat derived from the combustion of its 
gases alone, and that the burning up of any coke which 
has already been formed is therefore a positive, unneces- 
sary loss 

But more than that: the burning of a portion of the 
coke necessarily results in the deposition of ash on the 
remainder This retards the transmission of heat from 
the hottest portion of the oven (just above the coke) to 
the unburnt portion of the coke toward the bottom of the 
oven: and, moreover, when the oven is watered down, this 
ash is washed through the pores of the coke and retained 
there, thus increasing the ash beyond its normal and prop- 
er proportion. A careful examination will disclose this 
ash in the pores of the coke. I have known cases, where 
the coal was naturally high in ash (and therefore the 
ash content was a matter of the greatest importance), in 
which enough coke was consumed to add 4% of ash to the 
entire product. In nearly all cases the increase of ash 
due to the burning of coke is conspicuous 

The theoretical yield of the coke can be determined with- 
in a fair degree of exactness from the proximate analysis 
of the coal The coke carries all the ash and fixed carbon, 
and, even under the best work, a certain portion of volatile 
matter and moisture. The sulphur will probably be dis- 
tributed in the coke, as indicated in the analysis. In other 
words, a coal of the following composition: Moisture, 1.25; 
volatile matter, 26.30; fixed carbon, 66.05: and ash, 6.40; 
total, 100—may be expected to give a theoretical yield of 
66.0% + 6.40 = 72.45% of coke. To this should be added 
at least 1% for the moisture and volatile matter, which are 
retained by average ‘‘good coke,’’ so that the theoretical 
yield of coke made from the above coal can be assumed to 
be 73.45%. Dividing the fixed carbon, ash and 1% of 
moisture and volatile matter by that figure, we would get, 
for the coke made from this coal: Fixed carbon, 89.92: 
ash, 8.71: volatile matter and moisture, 1.3; total. 99.99, 

In carefully burned ovens,the ash should not be increased 
or the carbon reduced by more than 0.5% from the figures 
obtained by calculations like the above, and the volatile 
matter and moisture may both be reduced from the above 
figures, though they are often greater. There are va- 
rious modifying factors, the exact measure of which can- 
not be accurately determined. Among these is the de- 
posit of carbon from decomposition of the gases. The 
amount of ash is inversely proportional to the yield, so 
that increase in the yield at the same time decreases the 
ash. It is not uncommon to claim an advantage from an 
increase in a coke, up to a certain point, of ash of suitable 
composition, as a means of hardening the structure; but 
IT suppose no one will claim any advantage from the ash 
which does not form part of the structure, but is simply 
derived from outside sources, either by collection or other- 
wise. This latter ash is simply paid for as coke, and then 
must be got rid of. It must not be confounded with that 
which enters into the structure. 

After the coal goes to the ovens, there are several ways 
in which the ash in the coke produced may be increased 
above the theoretical amount. A portion may be derived 
from the dirt filling around the trunnel head; a portion 
from forking the coke from a dirty yard; a small amount 
from the impure water used in quenching; but by far the 
larger amount comes from the ashes of the coke burnt 
up in the oven. As the latter is almost in reverse propor- 
tion to the yield, it is obvious that the advantage of yield 
is not confined entirely to the saving of coke, but goes 
hand in hand with improved quality. 

The ‘‘commercial’”’ yield will be determined by local con- 
ditions, and the character of the particular coal. It Its 
the theoretical yield, less the losses in burning and of fine 
coke in handling, and increased by the ashes and dirt 
gathered as noted above. 

In good coking coals, high in volatile matter, the 
‘breeze’ or fine coke will run 2 or 3%, and the commer- 
cial yieid should not be more than from 3 to 5% below 
the theoretical. It is possible to do better, but anything 
not so good may be considered bad practice. With higher 
fixed carbon in the coal, and particularly when the coal 
is low in ash, and will burn or ‘‘cut’’ readily by small 
leaks admitting air, the difference between the theoretical 
and the commercial yield may be between 5 and 10%; but 
first-class work should approximate the former figure. 

The question of yield is involved to a greater or less 
extent in all the operations connected with handling the 
coke ovens. The conditions which permit of the great- 
est regularity of drawing and charging, in which the level- 
ing is done as it should be, the ovens are watered down 
to the best advantage, and are worked to their capacity, 
ete., are all factors affecting the yield. A plant in which 
the discipline and management is good will naturally have 
a better yield than where the management is lax; but 
after all this is said, there still remains the difference due 
peculia:ly to a special effort, or want of effort,, in the way 


of handling the draft and the oven with special reference 
to this point. 

The principal thing which affects the question of yield 
is the care and skill with which the drafting, or admission 
and exclusion of air to the oven, is controlled. 

The object and purpose of the drafting is to secure a 
satisfactory degree of heat at the right time, and as nearly 
as possible to secure this heat from the gases which are 
driven off during the process of coking, and which would 
otherwise be entirely wasted The more nearly it is pos 
sible to completely burn out the coke at a satisfactory 
temperature, and leave the ovens in first-class conditio: 
for the next charge, without burning any of the coke 
which has been formed, the more nearly do we attain per 
fect results The mistake is commonly made of assuming 
that at all stages of the process, whatever may be the con 
dition of the oven, an increase of draft means an increas: 
of temperature and a decrease of draft a decrease of tem 
perature. The most casual examination will show that 
this is not the case At the first stage of the burning. 
before the gases which will add to the heat by their com 
bustion have commenced to come off, it is possible to cool 
the oven by excessive draft; and it is common and advis 
able practice to cover the ovens immediately after draw 
ing, and recover them after charging, with a view to their 
“‘catching-up’’ more rapidly. By this means the heat 
stored in the walls finds its way to the inside of the oven 
There is apt to be a time, within the first 12 hours after 
an oven has ‘‘caught-up,’’ when the amount of gas formed 
is in excess of the ability of anything like an ordinary 
draft orifice to furnish the necessary air to retain the 
oven at a temperature for perfect combustion During 
this time, also, the trunnel head of ordinary size ha 
great difficulty in disposing of the products of combu: 
tion. Later in the process, this condition is reversed, and 
the amount of air is apt to be in excess of what is neces- 
sary to burn the gases which are coming off; and, finally 
if the draft is not changed, it becomes greatly in exces 
of the requirements of the ovens. From this stage to the 
end of the burning it is thoroughly possible for an oven 
to continue to cool, even with the admission of a large 
volume of air. In other words, the heat furnished by the 
small amount of gas which is coming off, and from the 
consumption of a portion of the coke, is less than the 
lowering of temperature caused by the loss of heat from 
the trunnel head and from radiation; and this difference 
is increased by increasing the draft. The attempt to 
hurry an oven which has been allowed to cool, and which 
is continuing to cool, while exhibiting a number of 
“‘candles,’” by giving to it an excess of draft, is often in- 
dulged in; but it will be found very much better to en- 
deavor to burn the oven so as to keep the heat up to a 
maximum towards the end of the blast, at the time when 
it is needed most to reach the coal at the bottom of the 
oven, rather than to try to replace the heat by an effort 
to burn a portion of the coke. This effort is always dis- 
appointing in results. As a general proposition, I should 
say that, in nine times out of ten, the drafting is too 
heavy, and the oven can be brought out in better shape 
by a more uniform drafting extending over a longer 
period. As a rule, from 20 to 25 sq. ins. in the form of 
a circular draft at the top of the door (which may be as 
much as 40 ins. high), will be ample for the largest oven 
which it may be desirous to burn out, while this should 
be reduced by at least one, or possibly two, changes as the 
oven is burnt out, so that the amount of air shall at no 
time be greatly in excess of what is necessary to com- 
pletely and clearly burn off the escaping gas. ss 

As a rule I should say that the tendency is to make the 
trunnel heads too large. Of course, they have to be large 
enough to take with sufficient promptness the coal from 
the larries; but the standard forms of larry will readily 
discharge into an opening 12 ins. in diameter, and I have 
never yet seen an oven or a coal which would not give 
better results with an orifice of that size, than with a 
larger one. Yet larger sizes are common. I know of one 
manufacturer whose standard size is 16 ins., or nearly 
twice the area of a 12-in. trunnel head. The latter is 
abundantly able to carry off, under the best conditions of 
drafting, the products of combustion; and any excess 
above this very materially increases the loss of heat, and 
interferes with the efficiency of the oven. 

The small-sized opening may be slightly inadequate at 
the beginning of the blast; but as the gases come off in 
smaller quantity and more slowly, it is invaluable in re- 
taining the heat so much needed at the latter stage. The 
smallest trunnel head I have tried for a 12-ft. oven was 
11 ins. in diameter; and the results were fairly good. 
The ordinary difficulties connected with prompt charging 
limit the size to 12 ins. and upward, and I believe that the 
smallest size that can be readily handled by the charging 
facilities will be found the best. 

The use of iids is extremely desirable. Properly handled, 
they mean a great deal as regards the matter of yield. 
The retention of heat in the oven is, of course, of the ut- 
most importance. The ovens should be covered as soon 
as drawn. They should be covered when charged until 
they are ‘‘caught up;’"’ and as soon as the oven is prac- 
tically burnt out, the draft should be cut off entirely, and 
the trunnel head partially or entirely closed. This wil! 
aid in retaining the ovens in the best possible condition, 
and will prevent the burning up of a large amount of 


at the majority of the ovens in operation, there is 
iper read before the American Institute of Mining 
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Form for Monthly Efficiency Record of Coke Ovens 


Yield in coal used, 


Tons. cent.- 
Theo- Prac- 
Coke Coal ret ti 
made used ical cal Actual 
Tanuary, 1902 8,011.65 67 
February 55.10 “7 
March 
April J 
May “7 
June 6.977. RY 67 64.58 
July 5,506.45 67 05.20 
More 48-hour coke was made than 72-hour coke 
The loss was in burning the coke overtime, 
The loss was In small charges. 
vke Particularly should the doors and jambs be kept 
xht, and the smallest cracks stopped The consump 


tion of coke from th cause is enormously larger than 
would be supposed at first sight 

It is almost impossible to make any improvement in the 
matter of yield without keeping records in such shape a 
to vhow.what are the good or bad results of a 
of treatment It fi 


ny method 
absolutely necessary, therefore, that 
arrangements be made to calculate, from either the rail 
, to within at least 0.25° of the 
actual yield, within one or two days from the end of each 


road or the larry weights 


month With this, there is the strongest incentive to en 
and without it, there is the strorgest 
reason for making no change, since it cannot be known 


deavor to improve; 


whether a change Is advantageous or not. It is impossi 
ble to give a form for such a record, because it will vary 
with each plant; but I would call attention to the fact that 
that postion of the coke and coal on the yard or in bins, 
or in transit at the beginning and end of each month, if 
wefully estimated, cannot introduce a large error and 


any uch error which is made one month balanced in 


No. of ovens Coal charged per oven 

Monthly 
Ef- -—-Tons-—, efficiency 

ficien- Possi- Act-  ficien- record, 


cy,%. ble. ual. cy ,% % 

3, 85.93 4.77 90.85 7439 

3 2,8 99.66 4.42 84.19 81.15! 

£0.78 4.93 93.00 72.33 

3 3, 85.18 4.05 94.28 73.677 
3.45% 87.75 4.88 2.05 76.72 

96.38 3,057 2 89 87.96 4. 18 70.61 67.40" 
97.31 1,812 1.644 90.72 6.33 101.52 89.625 


‘The charges for the ovens are too small. 


5All departments in coke manufacturing increased in effi 


clency, hence the good result. 


tanks, 13 x 130 ft., x 10 ft. deep, with a total ca- 
pacity of 630,000 (U. S.) gallons, or about one- 
fifth of the average daily flow. The tanks are 
operated on the continuous flow plan. No chemi- 
cals are used, but the acid in the sewage from the 
tin recovery works may aid deposition. The sew- 
age is screened before it leaves the tanks, and is 
then discharged into the River Fulda, without 
further treatment. The composition of the crude 
sewage and ‘effluent, in parts per 100,000, is given 
as follows: 


Crude 
Sewage. Effluent. 
Suspended matter 854.5 (85.4572) 24.00 
Sulphurie acid (combined) 10.30 
Chlorine 
Ammonia 


through the cake, passing downwards and into the 
cylinder through the filter cloth. Here it is a tills 
the vapor rising between the inner and outer cyl 
a condenser arranged above the extractor . fais w 
again flows into and through the cake. taking uy 
grease. This operation is repeated three times. 
which the cake is said to be free from grease. Fy 
charge of cake some 1,760 Ibs. of crude grease 
tained. One thousand three hundred and twer nty 

of benzol are used, 1% of this being lost in the pe 
Petroleum spirit (benzine) has also bee ‘n used with e 
good results. The residue which is re moved fr . 
bottom of the extractor consists of a dry powd: 
taining about 3% of nitrogen, and is readily 

a manure. The crude grease is black and conta n 
water. It is passed into a separator, where, with t} 
of heat and compressed air, the water is driven off. 
this separator the grease is passed into a still, w) 
heated in vacuum by direct fire and superheated 
Seven (long) tons of crude grease produce fiy: 
distillate and one ton of tar; the difference of o: 
being water, and a little gas, which is burned 
boiler furnaces. The distillation of one ton of ere: 
said to cost from $1.60 to $2.40. To obtain a perf 
white grease, the first distillate, which is light br 
color, is again distilled, but this in practice is not 
vantage commercially. The grease obtained is co 
soap and candle making at $92.50 per (long) ton, ; 
manure is valued at $8 per (long) ton. The motive 
used consists of a steam boiler, with 1,620 sq. ft. bh 
surface, a 35-HP. steam engine, air compressor 
vacuum pumps, and three water pumps; and a dynar 
is also provided for lighting the works. 


On July 22, 1902, Mr. Garfield collected samp 
of crude sewage and effluent, analysis of w} 
showed a reduction of 20% in the oxygen abso: 
during four hours, and 61% in the grease, the 


Extract-| 
or Grease 
Reser 
voir 
Crude iY 
Grease = 


GENERAL ARRANGEMENT OF SEWAGE SLUDGE TREATMENT APPARATUS AT CASSEL, GERMANY. 


the ucceeding month » that, if actual weight be 
Rece r 
Niw 
ken of the coal that goes to the ovens and the coke that 


hipped away in each month the other amounts being 
estimated, the results will be very close. 

1 submit the accompanying form as a valuable one for 
keeping the monthly record and comparing the work 
month by month It is a copy of a report from a plant 

actual operation 

The monthly efficiency record wil be found by multiply 
ing the efficiency per cent. of yield; the efficiency per 
cent. of coal; and the efficiency per cent. of the number 
of ovens drawn, and will no doubt astonish some coke 
makers when they apply this form to their own operations. 
The theoretical yield is determined as explained above 
and the practical yield is somewhat smaller, depending 
on the tendency to make fine materials or ‘‘breeze,"’ the 
composition of the coal, the condition of the ovens, and 
equipment, etc 


SEWAGE SLUDGE REDUCTION PLANT AT CASSEL, 
GERMANY. 


An interesting experiment on the utilization of 
sewage sludge at Cassel, Germany, was begun 
early this year under a 20-year contract between 
the city and the Engineering Co., of Cassel. In 
brief, the sludge is screened, acidified, heated, 
pressed, disintegrated, dried, and then the grease 
is extracted with benzol and subsequently refined. 
The process in detail is described by Mr. J. Gar- 
field, Assoc. M. Inst. C. E., Sewage Works Engi- 
neer of Bradford, England, in a special municipal 
report made after a visit to the Cassel plant dur- 
ing the summer of 1902. From this report, as 
published in the London “Contract Journal” for 
Oct. 8, 1902, we abstract the following: 

Cassel has a population of about 106,000, of which 
100.000 is connected with a sewerage and sewage 
disposal system put in operation early in 1898 
The sewage is almost wholly of domestic origin. 
with the exception of portions of the liquid 
wastes from two works, where tin is extracted 
from scrap iron. The daily flow of sewage is 
about 3,165,000 (U. S.) gallons, of which one-tenth 


is pumped. The sewage is treated in five settling 


Up to February, 1902, the sludge was dis- 
charged onto land adjoining the works, but owing 
to previous complaints treatment by the method 
already outlined was begun at or about that time. 
The agreement with the Engineering Co. provides 
that the city shall deliver the sludge into tanks 
provided by the company, and that the latter 
shall dispose of the sludge, without causing a nui- 
sance, for a period of 20 years. So far as stated, 
the company receives no bonus from the city 
Some 300 to 450 tons of sludge, with about 90% of 
moisture, are treated each week. Credit for the 
method of sludge disposal adopted is given to Dr 
Paul Degener, “a chemist of repute, now de- 
ceased.”’ The process is covered by English Pat- 
ent No. 21,856, dated 1901. The plant is described 
by Mr. Garfield as follows (see illustration 
also): 


To produce the pressed cakefrom this sludge the company 
have erected filter presses of the usual type. Before being 
discharged into the presses the sludge is screened, acidi- 
fled with sulphuric acid, and heated to 100° C. The opera- 
tion of pressing requires a considerable time, the presses 
being filled and emptied once in 12 hours. The sludge 
cake produced is good, but has rather an offensive odor. 
It is at once passed into a distintegrator, where it is broken 
up prior to being finally dried in a steam-heated drying 
apparatus. This apparatus consists of two cylinders, one 
inside the other, through which the cake passes in suc- 
cession. The cylinders are heated externally by exhaust 
steam, and internally by a series of pipes carrying 
scrapers. These pipes, which are made to revolve, are 
supplied with steam from a boiler. In this machine the 
moisture in the cake is reduced to about 15%, and the 
process of drying is said not to cause a nuisance. From 
the drying apparatus the cake is discharged direct into 
the “‘extractor,’’ for the recovery of grease, of which it 
contains some 15%. The extractor is cylindrical in form, 
and vertically arranged. To charge the extractor a cover 
on the top is removed and some five (long)tons of dry cake 
are filled into an inner cylinder communicating with the 
outer one through an opening covered by a filter cloth 
arranged near the bottom, the bottom of the inner cylin- 
der being some distance above that of the outer one. The 
cover being replaced, heated benzol is allowed to flow 


ter being reduced from 18 to 7 grains per Imperia 
gallon. Samples of the sludge cake ‘before ani 
after degreasing” gave the following analytica 
results, also in grains per Imperial gallon: 


Aft 

*+Nitrogenous compounds 98.80 

100.00 
TContaining nitrogen .................... 23 


Refining the crude grease reduced the moistur 
from 18.8 to 1.44%, and the unsaponifiable matte: 
from 14 to 7.20%; and increased the saponifiable 
grease from 67.2 to 91.36%. The final tankage, or 
manure, had the following percentage composi- 
tion: 


TNItFOMONOUS COMPOURES 15.48 
Other 75.77 

100.00 


*Grease in dry solids, 2.14%. tEqual nitrogen, 2.45% 


The estimated cost of a sludge treatment plant 
capable of treating 15,000 long tons of sludge per 
year (amount and character about the same as 4 
Cassel) is put by the company at about $50.00" 
for construction and some $20,000 a year for oper- 
ation and capital charges, giving an estimated 
profit, above interest and sinking fund, of some 
$2,000 a year. 

As Mr. Garfield states, the sewage of Casse! 
cannot be said to be purified, and it remains to } 
seen whether the process of sludge treatment 
prove to be a commercial success. An atte! 
made some time ago, to filter-press Bradt 
sludge after heating it with sulphuric acid pro\ 
“to be expensive and difficult on account of ' 
large proportion of grease.”” The grease 
nearly all removed from the Cassel sludge, whi 
it may be added, greatly increases the o ailabill') 
of the tankage for manurial purposes. 
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oncRET: MIXING AND HANDLING MACHINES FOR 


THE GALVESTON SEA-WALL. 


after tl city of Galveston, Tex., had recov- 
"4 from -he disastrous effects of the great storm 
pee A f September, 1900, a board of engi- 
pple wos appointed to investigate and report 
s of protecting the city from future 
mies The report, which was published in 
aa jissuc of April 24, 1902, recommended the con- 


possesses a number of points of interest which we 
extract from a description of the whole work read 
before the Victorian Institute of Engineers, at 
Melbourne, Australia, on Aug. 6, by Mr. H. V. 
Champion, Consuiting Engineer to the Briseis Tin 
Mines, Limited. Two canals, coming from different 
sources of supply bring the water to “head tanks” 
near the mines. The Rongarooma canal, heading 
im a river of the same name, is about twenty 


|. SIDE ELEVATION OF 
CONCRETE-MIXING 
AND HANDLING MACHINE 
FOR THE 


GALVESTON SEA-WALL. 


Contractors’ Supply Co., 


Chicago, Builders. 7 


struction of a concrete sea-wall and the raising 

f the grade of the city along the water front by 
‘jing in behind the wall. This recommendation 
was adopted, and the contract for the building of 
the wall has been awarded.to J. M. O’Rourke & 
co. of Galveston, Tex. The wall will be about 
#1, miles long, 16 ft. high, and 16 ft. wide at the 
hbase. with a curved face. The contract covers 
spout 127,000 cu. yds. of concrete work. 

For the prompt and economical execution of the 
work two concrete-mixing and handling machines 
nave been built to special designs. One of these 
«shown in the accompanying cuts, Fig. 1 being a 
side elevation, and Fig. 2 an end elevation, which 
iso shows its position in relation to the wall 
and the material supply tracks. The machine 

nsists of a double-deck car, 34 x 16 ft., carried 

n eight wheels; the boiler, engines and concrete 
mixer are on the lower deck, while the operating 
platform is on the upper deck. At the front end 
f the car are two derricks with 28-ft. booms, 
ach revolving through 270°, and each operated 
by its own attendant; one handles the raw mate- 
rials, and the other handles the concrete in 1-yd. 
batches. The materials are loaded from cars into 
skips and dumped upon the upper deck, from 
which they are delivered in measured quantities 
to a No. 8 Smith rotary concrete mixer (Eng. 
News, May 2, 1901) on the lower deck. After 
mixing, the machine is tilted so as to discharge 
the batch of concrete into a skip, which is then 
swung and dumped by the second derrick. Each 
machine has a capacity of 300 to 350 cu. yds. per 
day, but it is expected that the daily work will 
average 500 to 600 cu. yds. with both machines. 
The hoisting and swinging movements of the 
derricks are effected by power, and each derrick 
is operated by its own 12-HP. horizontal engine. 
A 16-HP. vertical engine drives the mixer. Steam 
s supplied by a 50-HP. vertical, submerged flue 
boller, with shell 5 x 9 ft. The car can pull itself 
ahead as required by hauling upon anchored ca- 
bles, the ends of which are wound round winch 
heads on the hoisting engines. The concrete 
mixer was built by T. L. Smith, of Milwaukee, 
Wis, and the hoisting engines and derricks were 
supplied by the Lidgerwood Mfg. Co., of New 
York and Chicago. 

The complete machines, with their equipment 
for handling and mixing concrete, were designed 
by Mr. C. W. Speece; General Manager of the 
Contractors’ Supply Co., 1531 Monadnock Block, 
Chicago, and this company has the contract for 
their construction. A smaller Smith concrete 
mixer, mounted upon a truck, will be used for 
*ttain auxiliary work, and for filling in gaps 
which will be left in the wall at intervals during 
nstruction. 

‘WATER SUPPLY FOR HYDRAULIC MINING AT THE 
BRISEIS TIN MINES, TASMANIA. 


A water supply development for hydraulic 
sluicing at the Briseis tin mines in Tasmania 


miles long, and the Mzurice canal, which brings 
water from Maurice River to Dunn's Creek, is 
about ten miles long. A low dam of decomposed 
granite, with a puddle wall of clay below, and se- 
lected and rammed decomposed granite above the 
natural surface, directs water from the Ronga- 
rooma River. Across Maurice River and its 
branches there are four low dams of !oose stone, 
with a center wall of parallel logs, three at the 
bottom, two above and one at the top, having 
scuared ends “fastened together with dumbolts.” 
The dam across Dunn's Creek is built of half-ton 
stone. Its up-stream side is battered 1 on 1 and 
its down-stream side is in steps 3 ft. high and 
wide, with 18-in. logs anchor-bolted to the dam 
and forming the angles or nosings of the steps. 
None of the dams mentioned are over 15 ft. high. 
All the stone dams have passed two floods with- 
out injury. They are made water tight by sand 
and silt carried by the water. The canals, using 
the word broadly,include ordinary earth channels; 


Materia! 
Materia 


Derrick 


ried out by Mr. Donald Fraser, brothef of Mr. 

J. H. Fraser, C. E., of Melbourne University.” 

THE COST OF CRUSHING STONE AT BARABOO, WIS. 
By W. G. Kirchoffer, C. E.* 

The cost of crushing quartzite rock by our mu- 
nicipal crushing plant during the past two years, 
at Baraboo, Wis., and other details are as fol- 
lows: 

The plant was moved from the location of last 
year to one which seemed more desirable on ac- 
count of quarrying the rock; but the foreman of 
the quarry refused to use the steam drill, and con- 
sequently used more dynamite, so that the total 
cost of crushing was not materially reduced by the 
change of location. Also, the dies for the crusher 
were made by a home man, and did not last much 
longer than two days to a set. 

About 10% of screenings were screened out of 
the stone; and a good quality of clay was used 
as a binder. 

The crusher was about 12 x 16 ins. in size, and 
gave a daily output of 53 cu. yds. 


-Cost——— 


Total Total 
Items. for each Per for each Per 
; item. cu.yd. item cu.yd. 
Stone in quarry .... $76.80 $0.04 $100.00 $0,027 
Improvements® ......... 27.05 O14 87.25 .0226 
Depreciation of crusher.? SO.S4 O467 169.02 O456 
Steam .......... 50.65 0264 
Picks, shovels, etc.§$..... 53.90 38.85 
Dies for crusher ........ 128.00 1060 
Freight on supplies..... 33.72 17% 3.61 O00) 
Fuel for engine.$....... 134.56 .0744 173.58 O468 
Dynamite, 24-27 cts a lb. 100.77 .056 407.24 1009 
Supt’s. horse and liveries 34.00  O177 94.00 
Superintendent crusher.. 131.50 .0685 228.20 
Labor quarrying stone 
and tending crusher... 1,372.85 .714 1,983.03 .6354 
Rent of engine ......... 163.93 .OS854 245.00 661 
Hauling water; supplies. 73.75 0190 
Superintendent of quarry 285.60 O771 
Hauling stone to city... 960.00 .50 1,801.75 MO 
Total cost ..........$3,363.57 $1.752 $6,182.76 $1.67 


*Permanent (bins, etc.), 20° of total first cost. 

(10% for 11; but for 1902, actual cost 

t(20% of $218) + $7.00 $50.65. 

§50°, of first cost. 

*At $4.60 per ton 

Note.—The total cost includes stone delivered on street 


Concrete 


Derrich 


Material Cars 


FIG. 2. END ELEVATION OF CONCRETE-MIXING AND HANDLING MACHINE. 


earth embankments; reinforced by dry masonry, 
on steep ledges of rock; timber flumes; and in- 
verted steel siphons. Some of the channels in 
earth are lined with rough stone and some of the 
side-slope construction, on loose, rocky material, 
is lined with vertical planking. For the trestles 
supporting the timber flumes round timber was 
used, with sawn braces. On the Rongarooma 
canal there were two 40-in. and two 38-in. steel 
inverted siphons, with an aggregate length of 
about two miles. The pipe was riveted longitu- 
dinally, but its circumferential joints were made 
by riveting on hubs and spigots and calking with 
lead. The plates, joints and rivets were imported 
fiom America, and the pipe was shaped and 
riveted in Tasmania by Mr. Mephan Ferguson, 
an Australian (Melbourne?) contractor. The pipé 
was coated with Trinidad asphalt and coal tar. 
The works outlined above “were designed and car- 


The wages, etc., paid were as follows: Wages, 
per hour for laborers, 15 cts.; for quarrymen, 1744 
cts.; for drill runner, 20 cts.; for engineer and en- 
gine, 35 cts.; for team with driver, 30 cts. The 
cost per ton of coal for engine was $4.60 deliv- 
ered; and the crusher engine boiler supplied steam 
for the drill. The price of 60% dynamite per Ib. 
was 24 cts., and for 70% dynamite, 27 cts. (for 
1902). One pound of dynamite blew out about 4 
cu. yds. of stone on an average. The average 
length of haul from crusher to point of deliv- 
ery was, in 1901, two miles; in 1902 it was 24% 
miles. 


The stone was measured in the wagon, which 
was built to hold just 1% cu. yds. by weight (3,900 
Ibs.). We crushed 1,920 cu. yds. in 1901, and 3,700 
cu. yds. in 1902. 


*Consulting Engineer, Baraboo, Wis. 


<x 
“2B 
| 
YAN EX \ 
} 
NES 
| 
\ 
hy \ | 
| pal A 
ARK: 
4 


56 


ENGINEERING NEWS. 


Vol. XLIX. No. ; 


ENGINEERING NEWS 


A Journal of Civil, Mechanical, 
Mining and Electrical Engineering. 


Entered at the New York Post-Office as Second-Class Matter. 
Published every Thursday 
at St. Paul Building, 20 Broadway, New York, by 
THE ENGINEERING NEWS PUBLISHING COMPAN) 


PRESIDENT. 
Vick-PRESIDENT. 
MANAGING Epitor. 

- Business MANAGER 


GEO, H. FROST, - 

STAUFFER, 
CHARLES WHITING BAKER, 
F. P. BURT, - 


M.N. BAKER, CHAS.S. HILL, 
TRATMAN, F. E. SCHMITT, 
» WM. KENT, H. P.GILLETTE, 


ASBOCIATE 
\ Eprrors 


CHAS. W. REINHARDT, ° CHIEF DRAFTSMAN. 
ALFRED E. KORNFELD, New York, 

ADVERTISING 
M. C. ROBBINS, Chicago, REPRESENTATIVES. 


READ, Boston, 


PUBLICATION OFFICE, 220 BROADWAY, NEW YORK. 
CHICAGO OFFICE, 1636 MONADNOCK BLOCK. 
Boston OFFICE, 170 SUMMER ST. 


FOREIGN AGENTS. 
©. Mrreneie & Co, Snow Hill, Holborn Viaduct, Lonpon. 
hupoLF Mosse, Ber Lin and HAMBURG, GERMANY. 
Joun F. Jones, & Cre, 31 Rue de Faubourg Montmartre, Paris. 


SUBSCRIPTION RATES: United States, Canada and 
Verico, One Year, $5.00; 6 months, $2.50; 10 weeks, 
$1.00. To all other countries inthe Postal Union: Regular 
Edition, One Year, $8.00; Thin Paper Edition, One Year, 
$5.75. SINGLE COPIES of any wamber in current Vol- 
ume, 15 cents. 

Ju requesting change of mailing address, state BOTH 
old and new address; notice of change should reach 
us by Tuesday to be effective for the issue of the current 
week, The nunber on the address label of each paper 
indicates when subscription erpires, the last figure indi- 
cating the year and the one or tivo preceding figures the 
week of that year; for instance, the number 323 means 
that subscription is paid to the 32d week (that is the issue 
of Aug. 8) of the year 1003; the change of these figures 
is the only réeveipt, unless one is sent by special request. 

ADVERTISING RATES: 20 cents a line. “ Want” 
“For Sale’ notices, special rates, see page XXIV- 
XNXLX. ¥ New copy for standing advertisements should 
he received one week in advance of publication; new ad- 
rertisements, Monday morning. The pages containing 
* Want,” “For Sale” and “ Proposal” advertisements 
are held open until Wednesday noon, 


and 


We give up much space in this issue to a very 
interesting paper which is to be read at the forth- 
coming annual meeting of the American Ceramic 
Society on the elimination of hand labor in brick 
manufacture. The system described in the paper 
has been put in practical operation in a large 
brickmaking plant at Dover Point, N. H., and is 
reported to be working with entire success. 

No figures are given as to the reduction in cost 
of manufacture effected by the system, and even 
if they were given they would hardly be conclu- 
sive, sinceany suchrevolutionary invention must be 
judged by its inherent possibilities rather than by 
what is actually accomplished in the first plants 
built. We see no reason why the system should 
not effect a large reduction in the cost of brick 
manufacture, particularly in locations where the 
material at hand and the market available per- 
mit production to be conducted on a very large 
scale. 

Engineers are familiar with the marvellous eco- 
nomies which have been effected in such industries 
as steel production and cement manufacture, by 
eliminating human muscle in the handling of ma- 
terial. There is no reason to doubt that a large 
decrease in the cost of brick manufacture may be 
made on similar lines. The effect of a large re- 
duction in the cost of brick upon such industries 
as brick paving or the construction of sewers, 
arches, buildings and the many* other classes of 
construction for which brick is used is ob- 
vious to anyone. Engineers will watch with in- 
terest the progress of this notable advance in 
brick production. 

We print elsewhere that portion of Gov. Odell’s 
which relates to the proposed 1,000-ton 
if the majority of the New York 


Message 


canal 


barge 


legislators are no more favorably disposed toward 
this enterprise than the Governor appears to be, it 


is likely to. fare no better than in previous years. 
The Governor shows that while New York and 
Buffalo are strong advocates of the 1,000-ton 
barge canal, the sentiment in the interior of the 
State is strongly opposed to it. He calls atten- 
tion to the fact that although canal rates are far 
below railway rates, freight goes by rail and not 
by canal, and he suggests the question whether 
this will not continue to be the case after the 
canal is improved at an enormous cost. “Will an 
enlarged canal win back the commerce we have 
lost?” asks the Governor, and he continues: 


The inability to use the canal for at least five months 
of the year, in addition to the terminal charge at New 
York and the breaking of bulk at Buffalo, seems to give 
the railroads an advantage which should be thoroughly 
considered before an enlargement of the canal! is 
authorized. 

As we read this, the Governor joins in the ap- 
proval of the barge canal project only because of 
its support by influential commercial and political 
organizations. As a business man he is yet to be 
convineed that the venture will be a financial 
success, and he turns the responsibility for a de- 
cision upon this point over to the legislature. 

As for the matter of route, recently discussed in 
these columns, the Governor states that his pre- 
possessions were for the route which Engineering 
News has favored, that by Lake Ontorio. Since the 
canal promoters have united in declaring that 
they will have the inland route or nothing, the 
Governor accepts the situation and says that in 
balancing the cost of the enterprise against its 
expected benefits, the cost assumed must be that 
of the expensive interior route. This he places at 
the enormous sum of $255,000,000, by adding to 
the engineers’ estimate the interest payments at 
3% for 50 years, and allowing 20% increase as a 
margin of safety, since to quote from the mes- 
sage: 

It is well known that no great undertaking of this 
character was ever completed within the engineers’ esti- 
mate; but owing to the increase in the cost of labor and 
of material there should be a factor for safety of at 
least 20% more. 

If the Governor would examine the work done 
by engineers elsewhere than on the public works 
of New York State, he could easily find cases 
where works of very large magnitude have been 
carried out within the engineers’ estimate. The 
allowance for increased cost of labor and ma- 
terials since the engineers’ estimates were made, 
however, is a proper one. As for the inclusion of 
the interest payments in the estimate of total 
cost, the fact that the canal is not expected to 
return any direct revenue to the State does give 
an excuse for this. It is certainly misleading, 
however, and cannot be commended as a model 
for accountants or statisticians. 


In discussing this subject several months ago, 
we warned the advocates of the barge canal pro- 
ject that their insistence on the costly interior 
route would ensure the defeat of the project. It 
is now apparent that it has alienated the support 
of Gov. Odell. Reading between the lines of his 
message it is not difficult to gather that a barge 
canal on the Ontario reute, which could be built 
at a cost of some $45,000,000, would have com- 
manded his support, while toward the more costly 
project he is at best neutral. 

We shall not again present the arguments in 
favor of the Ontario route, which were given in 
our issues of Sept. 11 and Oct. 2, further than to 
repeat that if a 1,000-ton barge canal from the 
Lakes to tidewater is to cost as much as $80,000, - 
000 to $100,000,000, it would be far better for the 
State and for the nation to build the larger 
waterway, 21 ft. in depth, for which surveys were 
made by the U. S. Deep Waterway Commission. 
In a later issue we hope to present some further 
data in support of this proposition. 


Concerning the recent head collision at Wan- 
stead, Ont., on the Grand Trunk Ry., we find 
a published statement, purporting to be officially 
given out by the General Manager of the railway, 
and we quote from it as follows: 


So far as we can ascertain no superior officer of the road 
is to blame. It is simply one of those inexplicable acci- 
dents in which the human mind has been lacking. The 
material loss of property will not exceed ten or fifteen 
thousand dollars, but the company expects it will have to 
face a loss of a quarter of a million by the time all the 
claims have been settled. 


The sequence of events which led up to the 


disaster are of interest as indicating whose 
mind was lacking. The stations betwee: ve 
the confusion of orders occurred are show: 
They were spaced about four miles apart 

W. Wyoming—W tead—Ki 


t—Watforu, 

An express train was running west 
freight train east, the former an hour 
time. The dispatcher ordered train ord: 
nals displayed for the express at Watfor 
for the freight at Wyoming, and sent lu; 
orders for the trains to meet at Wanstead 
orders being correctly repeated back 
operators, as required by the standard 
rules. The freight arrived at Wyoming, bu: 
some trifling delay in getting away, whi h 
reported by the operator there to the dispat 
The operator at Watford then reported 5 
dispatcher that the express was approachine 
station and the dispatcher, having in mina 
delay of the freight at Wyoming, replied: \\r 
bust it,’’ meaning that if further reports of de 
came from Wyoming he might hold the frojc 
there and let the express proceed. The Wat: 
operator, however, had of course overheard th 
Wyoming message of the delay to the freight an 
he failed to catch the first word, “may,” of th 
dispatcher’s message to him. He took this “bys: 
it” as a cancellation of the meeting order of the 
express, and so reported to the conductor of 1) 
express, when it stopped at his station 
express at once pulled out. Meanwhile the \\ 
ming operator reported to the dispatcher that t) 
freight was leaving, and the dispatcher replie| 
“Let her go.” He then called the Watford opera- 
tor, who reported, to the dispatcher’s consterna 
tion, that he had canceled the express train's 
meeting order and that that train had gone 

The dispatcher at once endeavored to pre\ 
the disaster and called to Wyoming to stop th. 
freight, but the operator replied, “I can’t.” [: 
appeared that the freight was just leaving th: 
yard limits, and the operator’s signals in the 
hope of attracting the attention of the rear 
brakeman were unavailing. Finding it impos 
sible to stop the freight, the dispatcher tried to 
stop the express at Kingscourt. This is a junction 
point. A night operator was on duty and there 
seemed no reason why the express might not b 
stopped at this station and the impending co! 
lision prevented. But the night operator at 
Kingscourt was a boy of 16, and he testified as 
foHows, according to a dispatch to the New York 
“Tribune”: 


He was on duty for the first time on the night of th 
accident, and his total previous experience as an operato: 
was for two nights at Strathney, where he received only 
a total of four messages. He gave as a reason for not 
hearing the dispatcher calling him for seven or eight 
minutes that he was studying the time table and did not 
recognize the office call, which he had heard only once 
before. 

Thus this boy of 16 sat in his chair and heard 
a trainload of passengers ride past him to de 
struction, while all the time the dispatcher at 
the other end of the wire was calling on him to 
save them. Thus, these men and women had their 
lives hung in the balance against the ability of a 
boy of 16 to recognize a signal on a telegraph 
sounder which he had heard only once before 

This is the situation referred to in the official! 
statement as “one of those inexplicable accidents 
in which the human mind has been lacking.” We 
agree that a lack is shown, but was the lack 
greater in the inexperienced and incompetent boy 
or in the higher official who placed such respon- 
sibilities upon him? 

Again, the operator at Wyoming had no busi- 
ness, under the standard code, to cancel a train or 
der issued in any such irregular way as the me! 
“bust it” message which he claims to have heard: 
and had he even repeated it back to the Gis- 
pateher, as the rules require, the mistake would 
have been discovered and the accident prevented 
But how much blame shall we award to him and 
how much to the system which leaves such 0} 
portunities for error open? It is true that the ac- 
cident may be ascribed to the neglect of the pre- 
cautions which are prescribed for operating trains 
by telegraphic orders; but we cannot overlook ‘he 
fact that a system which requires such precautions 
betrays its inherent defects thereby. The fact 's 
that these precautions are too often *#eglecte in 
the rush and hurry of every-day railroad work 
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many roads; they are felt to be in the nature 
red tape, and it is difficult to impress upon 
,inmen and station operators the necessity of 
_rrying them out in any other than a perfunc- 
y manner. 


* 


We print in this issue a paper by Capt. H. C. 
seoweomer, U. S. A., on the stresses developed in a 
e rope due to the bending of the wires as they 
ass around a drum or sheave. The author says 
n a personal letter that he desires discussion and 
riticism from engineers who have had experience 
n the use or testing of wire rope as to the cor- 
ctness of the rules and formulas which he pro- 
poses. 

We may suggest in connection with the first 

rmula assumed by Captain Newcomer, that a 
juestion may be raised as to its applicability. 
The formula is unquestionably correct for a beam 

upported at both ends, but is it equally ap- 
plicable to a bent wire supported continuously by 
a drum until it reaches a point of tangency? Does 
not the support given by the drum surface act to 
complicate the problem? 

But even granting that we are justified in ap- 
plying the common formula for bending stress in 
extreme fibers, are we justified in adding the unit 
bending stress in extreme fibers, to a unit stress 
determined by dividing the total direct load by 
the sectional area? 

Calling tension stresses +, and compression 
stresses —, we have + stresses on the convex side 
of a bent wire and — stresses on the concave 
side: we also have + stresses due to the direct load 
on the wire. 

Are we justified in adding the extreme + stress 
due to bending to the unit + stress due to direct 
loading, to obtain a total extreme unit stress? If 
we do, we virtually assume that the fibers act in- 
dependently in supporting the load, an assumption 
which seems at least doubtful. 

We shall be pleased to hear from any of our 
readers who can furnish reliable data as to the 
influence of bending upon the strength of wire 
ropes. 

We would call attention also to two excellent 
articles on wire rope that were published some 
time ago in Engineering News: the first by Mr. 
A. S. Biggart appeared in our issue of Jan. 17, 
1891; the second by Mr. William Hewitt, Vice- 
President of the Trenton (N. J.) Iron Co., in our 
issue of May 7, 1896. 

Mr. Biggert gave the results of numerous ex- 
periments upon the wear of wire rope using 
sheaves of varying diameter; while Mr. Hewitt 
discussed the stresses develoned in wire rope, and 
the horse-power transmitted. Mr. Hewitt also 
considered the effect of the spiral winding of the 
wires in the rope as a factor in reducing the stress 
due to bending the rope around a sheave. 


THE RESISTANCE TO TRACTION OF SMALL MINE CARS. 


There is a great array of published matter re- 
lative to the frictional or tractive resistance of 
large cars on modern standard gage _ railway 
tracks; but very little is to be found as to the 
rolling resistance of small cars on narrow gage 
tracks, such as are used in mines or by contrac- 
tors in earth and rock work. 

The engineer need not be told that the force re- 
quired to pull a ton on wheels over a level track 
varies greatly according to conditions of track, 
ear construction and car loading; but in esti- 
mating the size of small locomotives, tail-rope 
engines and the like, we very frequently see as- 
sumptions made as to car resistances that are 
altogether too low, because they are based upon 
experiments made under entirely different condi- 
tions. To the practical man who is not an engi- 
neer, all tracks and all cars look alike, so far as 
rolling resistance is concerned. He reads that tests 
have shown that a pull of 6 lbs. per ton will move 
a freight car on a railway track, and forthwith 
he concludes that a like force per ton will move 
amine car. The practical man thinks that this 
ease of rolling on a track is due entirely to the 
smoothness and hardness of the steel rail. He 
does not realize that the low resistance is due al- 
most entirely to the rigidity and cleanness of the 
rail, by virtue of which the car wheels are not 
continually traveling up a steep hill, or over small, 


irregular, constantly recurring bumps. The 
smoothness of the rail of course does away largely 
with-the bumps and irregularities that exist in a 
wagon road, but we shall presently see that it is 
the rigidity and slight bending under load that 
make the best tracks so easy to pull loads over. 

Tests by the late A. M. Wellington on freight 
cars showed that on a level track at a speed of 
10 miles per hour, it required 5 Ibs. per ton to 
pull a loaded car and 7 Ibs. per ton to pull an 
empty car; whereas it required 14 lbs. and 18 Ibs. 
per ton to start the empty and the loaded cars, 
respectively. With higher velocities, the friction 
of the air rapidly increases the resistance to trac- 
tion, but we need not consider this factor in mine 
haulage. 

In Porter’s catalogue of light locomotives for 
contractor’s use we find the following: 


Resistance 


Items. per short ten. 
lbs. 
Extra good cars and track................ 5 
Average first-class cars and track........ 
Reasonably good cars and track.......... 8 to12 
Logging cars, first-class ....... 6%" 15 
cara, poorly oiled 20 40 
Contractor’s dump cars 
Coal mine cars, loose wheels ............. a ae 


Coal mine cars, wheels scraping on sides.. 60 ‘* 8O 


We give the foregoing, not because it is entirely 
correct, but because it fairly represents what en- 
gineers ordinarily assume in making estimates for 
mine haulage and the like. 

A hasty survey of the literature on mining 
shows that engineers usually assume a mine car 
resistance of 20 'bs. per short ton, which, as we 
shall show, is altogether lower than is commonly 
attained in practice. 

Resuming the discussion of the resistance to 
traction as influenced by track conditions, car 
loads, ete., we may set it down as self-evident 
that a rail weighing 60 to 90 lbs. per yard laid 
on ties, spaced 2 ft. c. to c., will bend far less 
under a wheel load than a rail weighing 16 to 40 
lbs. per yard, laid on ties 8 to 5 ft. c. toc. It may 
also be set down as self-evident that a track hav- 
ing ties well set in ballast is far less yielding than 
a track with ties more or less carelessly laid with- 
out ballast. It is not so self-evident, but it is 
nevertheless a fact proven by many careful ex- 
periments, that to double the load on a given 
wheel, does not double the resistance to rolling. 
This is well shown in the experiments of Welling- 
ton above quoted, wherein it appears that while it 
required 5 lbs. to pull each ton of a loaded car, it 
required 40% more, cr 7 lbs., to pull each ton of 
empty car. We need not go into the theory of 
this phenomenon here, but carrying the reasoning 
to its logical conclusion we see that a miner’s or 
contractor’s car with its comparatively light 
wheel load, even if it were placed on well-bal- 
lasted track of 90-lb. rails—which it never is— 
would show a higher resistance per ton than a 
freight car with its heavy wheel load. 

Passing to a consideration of the car itself we 
have other and perhaps more important reasons 
why a small car shows a higher rolling resistance. 
To begin with, the wheels of a mine car are only 
16 ins. or so in diameter, on a 2\%-in. journal, 
whereas the freight car wheels are about double, 
or 32 ins. in diameter, with a 3%-in. journal. 

It is evident that a greater diameter compared 
with the journal gives a greater leverage in over- 
coming axle friction, and it is also evident that 
a greater diameter gives a greater leverage in 
overcoming slight irregularities on the rail sur- 
face. What an important element this journal 
friction is in small cars will be seen from the re- 
sults of tests about to be given. Mr. R. Van A. 
Norris, E. M., Asst. Engr. Susquehanna Coal Co.. 
some years ago made a very exhaustive series of 
tests (989 tests) on the resistance of coal mine 
ears. Two styles of car axles were used, one old 
style, and the other new style, patented by Mr. 
Jas. H. Bowden. In both styles the wheel was 
16 ins. diameter, tread to tread, with axles pass- 
ing loosely through fixed boxes. The journal of 
the old style was steel 2 ins. diameter, 
of the new style 2% ins. diameter, and 5% 
ins. long. Each car was carefully oiled. The 
track was a perfectly straight level piece of 42-in. 
gage, about 200 ft. long, and in rather better con- 
dition than the average mine track. The weight 
of the rails is unfortunately not given. The cars 


were 41%-in. gage, 314-ft. wheel base, 10 ft. long, 
weight 2,140 to 2.240 Ibs. empty, and 7,900 to 
9,000 Ibs. loaded. 

As a summary of the tests we have the follow- 
ing: 


Pounds per 


ton of 
2,000 Ibs. 
To start one old style car loaded.... 
new style car 49 
To pull one old style car loaded at 4 mile hr 52 
wn “ “new style car loaded at 4 mile hr. 82% 
“ " old style car empty at % mile hr. Sl 
= or new style car empty at 4 mile hr. 33 
To pull one to four old style cars loaded 4% 
To pull one to four new style cars loaded 4% 
To pull one to four old style cars empty 4% 
To pull one to four new style cars empty 4% 
To pull 20 old style cars loaded 4% miles hr... 28 
To pull 20 old style cars empty 4% miles hr... 42 


One of the most striking features of this sum- 
mary of tests is that the resistance per ton of a 
train of 20 loaded cars (old style) is 26 Ibs. per 
ton, as compared with 66 Ibs. per ton for a 1 to 
4-car train. This brings out a fact that we hav: 
never seen mentioned as being of importance in 
tests of this character, namely, the lower per-ton 
resistance of a long train of mine cars as com 
pared with a single car. In the ordinary so-called 
level mine track there are numerous waves form 
ing up and down grades; and in a long train of 
cars, some are coasting down these waves while 
others are ascending, so that those going down 
are pushing those going up hill, consequently 
reducing the pull on the locomotive draw bar 

Another, and perhaps even more important fac 
tor may enter to reduce the per-ton resistance of 
a long train; and that is the action of the forward 
cars in cleaning the track. Fragments of coal! 
and rock fall upon the track, and these the first 
few cars must crush; but the jarring of these for 
ward cars may in large measure cause this pow 
dered material to fall off the rails. 

Unfortunately, we can find no tests made with 
cars upon rails of varying cleanliness, but in our 
issue of March 6, 1902, Prof. Baker has given 
the results of tests on a clean and dirty steel 
wagon trackway. On a perfectly clean trackway 
the resistance was 19 Ibs. per ton of wagon and 
load; on the same track covered with \-in. of fine 
dust, the resistance was 28 Ibs. per ton; while 
with -in. of powdered stone over the track, the 
resistance rose to 40 lbs, per ton. Mine car tracks, 
as well as contractor’s car tracks, are always 
more or less covered with powdered rock and 
earth, and from Prof. Baker’s experiments we 
may safely conclude that this dust forms a very 
material source of resistance to traction. This 
being so, we raise this question: 

Will it not pay well not only to use care in bed 
ding the ties, and in alining a mine car track, but 
also to provide a brushing device attached to the 
front of a mine car to remove powdered material 
from the rails? 

As a result of the foregoing we may say that 
the engineer who in estimating uses a 20-Ib. re- 
sistance per ton of mine car load is far below 
the actual resistance ordinarily encountered, 
which is 1144 to 2% times 20, or say 40 Ibs., as an 
average on a fairly level, fairly dirty mine track. 


LETTERS TO THE EDITOR. 


The Compensation of Engineers. 


Sir: Apropos of the compensation of engineers, what do 
you expect to do, or what can you do, when you have 
men in the profession who will undertake important work 
for a song? 

Here we have identically the same conditions existing 
in the water supply department as you appear to have on 
hand in New York, with this difference, instead of @m 
ploying engineers at a reasonable figure (which need not 
have been $12,000 a year, as that city paid), three were 
found as Consulting Engineers, and it appears, from the 
daily press, were paid the following munificent sums: 
One $1,500 per annum, the other two $15 per day when 
employed. 

I beg to enclose a clipping from to-day’s ‘“‘Journal’’’; it 
speaks for itself; also a copy of a letter I have this day 
addressed to the editor. 

When men will not value their profession any higher 
than this, how can you expect the public to do so? This 
is hardly the compensation of an ordinary public land 
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urveyor, let alone an engineer who is supposed to be a 


man of deeper thought and study. It makes one tired, 
ind causes him to feel as if peddling bananas were more 
elevating, for the peddlers generally try to obtain a fair 
- equivalent, while the engineers will take any crumb 


thrown them and say Thank you.”’ 
I think a little disapproval on your part of such cheap 
ontracts would be highly beneficial 
Yours truly, 
York Life Building, 
Kansas City, Mo., Jan 


Boggs. 
‘as New 
5, 1908 


(The enclosures with the letter are as follows. 

ied.) 

(From the Kansas City ‘“‘Journal,’”’ Jan. 5.) 

When doctors disagree the patient, as a general rule, 
die but when water experts fall out—what then? is the 
puest te that is agitating the minds of the officials at the 
eity hal For be it known that - ——, of St. Louis. 
who t but recently been added to the city pay roll at 

lary of $1,500 a year and anointed with the title of 
ulting engineer,’ and — — and —— ——, both of 
Kaneas City, whose services as experts cost the "eity $15 
time they blink an eye, are at odds as to the style, 


aud practicability of high and low pressure pumping 
engi to be installed in Turkey Creek and Quindaro 
water pumping stations and —— has checked his baggage 
for St. Louis to return later. 


Journal, Kansas City, Mo.: 
Several items recently appearing in your paper, 


Sir 


the latest In this morning's edition, would lead the public 
it large to Imagine that $1,500 per year or $15 per day 
wa n extraordinarily large fee to pay a Consulting En- 


surely know better than this. The 
in identically the same condition over 
Kansas City, and has employed three 
Engineers to study the question, paying each 
annum. Their report is to be presented on 

Now these gentlemen do not abandon their 
practice and devote their entire time to the 
take this as a ‘“‘case,”’ identically the 
or doctor would, and may treat several 

interval. For Heaven's sake, stop 
little $15 per diem fee; it is hardly 
paid an ordinary land surveyor, whereas 
must be to handle complex ques- 
and pvatural forces. 

Fees of from $50 to $100 and over per day are not so 
unusual in the engineering profession, and I am only sur- 
City has been able to obtain men at 
mentioned for this very important work. They 
s than $50 per day, or $6,000 per 


My dear sir, you 
ity of New York 1 
ts water supply a 
Consulting 
212000) per 
Nov. 15 next 

ry-day 

ty: they simply 
a lawyer 

during the 
ibout that 

any more than Is 

in engineer competent 


tions of mathematics 


priced that Kansas 
the figure 


uld receive not lk 


in your midst, dislike to take up this sub- 
controversy, but as you seem to be 
laboring under the impression that $15 per day is a muni- 
fleent ~fee for a Consulting Engineer, I could not re- 
frain from correcting your error and endeavoring to point 
out that it is an exceedingly meager allowance. 

Yours truly, Civil Engineer. 


1], a stranger 


ject, or enter into the 


The Inefficiency of Joist Hangers of the Stirrup Type. 
Sir: The failure of a steel stirrup or joist hanger in 
in Minneapolis on Nov. 7, causing a portion 

loaded floors to fall, as described at length 
News of Noy. 20, leads me to call atten- 
uliar weakness in all joist hangers of the 

which I believe is not generally recognized. 

Until recently it has probably been the common practice 
to figure the strength of a stirrup from the sectional area 
metal, but recent tests have shown that a single 

rrup never fails by the breaking of the iron or steel, but 
by the bending of the top, where it lays over the support- 
and by the crushing of the wood, or in the case 
of a wall stirrup by the crushing of the brick. 

This will be readily understood if we consider for a 
effect of the load on the stirrup. The re- 


a warehouse 

of x heavily 
Engineering 

to a ner 


tirrup type, 


of the 


beam, 


moment the 


Ay 
\ Header 
~Trimmer 
Fig. 1. Illustrating Fig. 4. Joist Hanger 


Stresses Carried by 
Joist Hanger Upon a 
Wooden Beam. 


with Top Bracket to 
Stiffen it Against 
Bending. 


Fig. 1, is transmitted by 
the trimmer and is borne almost 
edge, A, of the trimmer, and, with 
width of metal used for stirrups, the pres- 


vction of the end of the header, 
the stirrup to the top of 
entirely by the inne: 


he ordinary 


ure distributed over such a small area that the wood 

ushed and the moment that the wood commences to 
rush, a severe bending moment is brought into action, 
tending to bend up the end of the stirrup, as shown in 
Fig. 2, which is drawn from a photograph of an actual 
hanger tested at the Massachusetts Institute of Tech- 
nology. This hanger pulled over the trimmer at a load 


of 13,750 Ibs. The stirrup was made from % x 2%-in. 
wrought iron, hence the stress in each side of the stirrup 
was only 7,333 Ibs. per sq. in., or less than one-sixth of 
the probable breaking strength of the iron. 

Fig. 3 shows a 6 x 12-in. Van Dorn hanger bent in the 
same way under a load of 13,300 Ibs. 

Last April, at St. Louis, Mr. W. A. Tyrell, C. E., made 
comparative tests on several types of joist hangers for 
Messrs. Mauran, Russell & Garden, Architects, in which 
all of the hangers of the stirrup type failed by the bend- 
ing of the top of the stirrup. 

Accoriling to the report in Engineering News, the stirrup 
which gave way in the Minneapolis building failed in the 
same way under a load of about 15,000 Ibs., or only about 
one-half the safe tensile strength of the steel. 

The effect of the load on a wall hanger, when made 
from a stirrup riveted to a bearing plate, is obviously 
the same as when used over wood, the only difference 


F 
| 


Fig. 2. Showing the 
Way in Which a Sin- 
gle Stirrup Com- 
monly Fails. 


Fig. 3. Patent Stirrup 
Under a Load of 
13,300 Lbs. 


being that if the bricks are of good quality they will stand 
a greater crushing stress than wood, and the ends of the 
stirrup being firmly held in the brickwork cannot bend 
as easily. From the above it will be seen that the most 
defect, from the standpoint of strength, in all 
stirrups is that they do not distribute the load evenly 
over the top or bearing surface If a stirrup could be 
made with a web or bracket on top, as in Fig. 4, the 
load would be evenly distributed and the metal would 
have to break before the stirrup could fail. 

The bending of the bottom of the stirrup, between the 
sides, or the tendency to shear at one of the bent angles, 
are the next weakest points in the ordinary stirrup, al- 
though a well-designed stirrup will not break in either 
way unless the beam supported is very wide, say over 
12 ins. 

A double stirrup is stronger than a single one because 
the stirrup cannot pull off from the trimmer or header, 


serious 


Fig. 5. Showing the Effect of Two Loads of 28,825 
Lbs. Each on a Double Stirrup, Made from %&-In. 
x 2%-in. Wrought Iron. 


but must break at some point before the beams which it 
carries can fall. Fig. S shows the condition of a double 
stirrup made from % x 2%-in. wrought fron, carrying 
two 8 x 12-in. beams over one 12 x 14-in. beam, after it 
had failed under a load of 28,825 Ibs. on each side. In 
this case the stress in the fron was 15,372 lbs. per sq. in. 
and the iron broke in the lower corner. 

The only joist hanger that the writer has seen which 
has suitable provision for resisting the bending moment 
on the top shelf or support is the Duplex hanger, which 
has a nipple at the top for inserting into a hole bored in 
the side of the girder or trimmer. The diameter of these 
nipples varies from 
1% ins, in the small- 
est size to 2% ins. 
in the largest size, 
thus affording suffi- 
cient depth to ensure 
a practically even 
distribution of the 
stress over the bear- 
ing area. The resist- 
ance of these nipples 
and the slight crush- 


ing of the wood under Fig. 6. Section Through 
them, as shown by Heavy Duplex Wall 
carefully conducted Hanger. 


tests, is very remarkable. In the tests mad: 

the Massachusetts Institute of Technology a No 7 
(two-part) hanger with nipples 2% ins in diar 
eter and 31% ins. long broke under a load of SY.550 1b 


This is equivalent to a bearing under the lower half o 
the nipple of 1,977 lbs. per sq. in., and yet the compressio 
of the wood and the effect on the girder was very slight 
The hanger failed by the breaking of the iron direct]y 
under one of the nipples. In the St. Louis test, con 
ducted by Mr. Tyrell, a hanger of the same size 
38,000 Ibs. without apparent injury to the 
without serious injury to the girder. 

The Duplex wall hangers are 
illustrated by 
quite 


carried 


hanger and 


formed on the princip\ 
Fig. 4, so that they ensure almost, if pn 
perfect distribution of the weight over the mason; 
Fig. 6 shows a section through one of the 
terns of Duplex wall hangers. The 
hangers is measured by 
shearing 


heavier 
strength of the 
probably their resistance 
F. E. Kidder, 
Architect and Structural Engineer 
628 14th St., Denver, Colo., Dec. 30, 1902. 
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Ration Lists for U. S. Geological Survey Parties, 


Sir: Apropos of your article, ‘‘A Prospector’s Grub 
Stake,’ in your issue of Dec. 11, it may interest your 
readers to know something of the ration provided fo: 
field parties of the United States Geological Survey. 

This ration is the outcome of 35 years of experience of 
large numbers of parties working each year in all nor 
tions of the United States and Alaska. It has necessarily 
undergone several changes. The accompanying list wa 
that adopted in 1882 from the U. S. Army ration, modified 
by the experience of the old Hayden, Powell and King 
surveys in the far West. It was used by the writer and 
his assistants for nearly 15 years and was found admir 
ably suited to the conditions for which it was prepared 
These especially required that it should be light and com- 
pact as possible, as in the early days all provisions and 
camp outfit were transported on pack mules. The same 
ration, slightly modified by substitution of lighter or less 
bulky articles, is still found admirably suited to the 
arduous work encountered by parties which have been 
making reconnoissance surveys during the past five years 
in Alaska, where all provisions had to be transported in 
boats or on the backs of men. 

In 18938 this ration list was carefully revised by a com 
mittee of experienced men and the following is the result, 
which will be found to be but slightly changed from the 
1882 list, chiefly in the direction of rendering the ration 
more liberal and therefore more bulky, because the 
changed conditions permit of the easy transportation of 
outfit in wagons, and usually over relatively short hauls 
as compared with those of the earlier exploratory days 

This last ration list has been in use for about ten years, 
and a committee which carefully reconsidered it a few 
weeks ago found that no changes were necessary. It is 
ample for all the uses of surveying parties and yet neither 
extravagant nor bulky. The old ration weighed 5.13 Ibs 
per day's ration for one man. The new ration weighs 
5.29 Ibs. per day for one man, yet from it the most satis- 
factory and elaborate meals can be prepared by making 
the substitutions permitted in the footnote. 

A careful investigation of the cost of these rations 
made at the time of the change in 1893 developed the fact 
that the cost of the old ration averaged over a period of 
years, as taken from vouchers inspected, varied in dif- 
ferent portions of the country from about 36 cts. in the 
Southern States to an extreme of about 75 cts. in the far 
northwestern States, with an average of about 45 cts 
Since that time, owing to increased facilities of trans- 
portation, the value of this ration has diminished until it 
probably ranges now between 35 cts. and 55 cts., the 
average remaining about 45 cts. 

It will be observed that the above ration is more liberat 
and more costly than that quoted in your article. It is 
not a prospector’s ration, but one well suited to an en- 
gineering or surveying party, the difference being that 
in the latter case one member of the party is always em- 
ployed as cook with no other duties to perform, and it is 
therefore possible to utilize a greater variety of provisions 
In the case of the prospector’s outfit, it is customary for 
one of the members of the party to perform the duties of 
cook in addition to the labors of camp hand and pros- 
pecting. Under such circumstances the least amount of 
cooking that can be done the better and the least variety 
of food to be prepared the easier. Hence the crude hand- 
to-mouth style of living is employed, which soon becomes 
irksome and would entirely pall upon men who are work- 
ing in employment, as compared with those who are 
hustling for their prospective fortunes. 

If you care to continue this matter further I would 
suggest reference to my book on ‘“‘Topographic Survey- 
ing,’’ published by Wiley & Sons, New York. In a chap- 
ter on ‘‘Camping’’ you will find extended notes on the 
cooking utensils and camp equipment recommended on the 
basis of an extended experience for various conditions of 
field work. Very respectfully, 


H. M. Wilson. 
Geographer U. S. G. S., Washington, D. C., Jan. 9, 1498. 


(The extract from the Government official pub- 
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ation enclosed with the above letter is as fol- 
ws:—Ed.) 
GEOLOGICAL SURVEY RATION. 
4 ration is the food estimated to be necessary to sub- 
t one man one day. To facilitate the field work of the 
logical Survey, its parties in camp may puchase at 
expense of the Survey the rations described helow 
e amounts of the various articles in the ration are de- 
ed to be sufficiently liberal for all circumstances. They 
maximum amounts, which must not be exceeded 
ration allowance is neither an emolument nor a 
juisite, but is a provision for facilitating the field 
rk of camping parties. 
1e Survey ration is made up of the following articles 
ij amounts: 


For For 
1893. 1882. 
Article. 100 100 
rations. rations 

fresh meat, including fish and poultry 

ured meat, canned meat, or cheese 
Flour, bread, or cra-kers, Ibs........... SO 80 

Corn meal, cereals, macaroni, sago or 
Raking powder or yeast cakes, lIbs..... 
CoMe®, WWE. 12 12 
Tea, chocolate, or cocoa, Ibs........... 2 1 
Milk, condensed (c), cams .............. 10 4 
Potatoes or other fresh vegetables (e), Ibs 100 50 
Canned vegetables or fruit, cams........ 30 va 
SpiceB, OB. 4 4 
Flavoring extractS, 4 2 
Pepper or mustard, 0Z...........--+-+-- 8 4 


(a) Eggs may be substituted for fresh meat in the ratio 
of 8 eggs for 1 lb. of meat. 

(b) Fresh meat and cured meat may be interchanged on 
the basis of 5 Ibs. of fresh for 2 lbs. of cured. 

(c) Fresh milk may be substituted for condensed milk in 
the ratio of 5 qts. of fresh for 1 can of condensed. 

(4) Fresh fruit may be substituted for dried fruit in the 
ratio of 5 lbs. of fresh for 1 lb. of dried. 

(e) Dried vegetables may be substituted for fresh vege- 
tables in the ratio of 3 Ibs. of fresh for 1 lb. of dried. 


An Answer to Some Anti-Metric Arguments. 


Sir: I have followed with considerable interest the dis- 
cussion on the bill for the legal adoption of the metric 
system, now before Congress. While being neutral myself, 
not thinking that the passing or rejection of the bill will 
make or break the nation, nevertheless some of the argu- 
ments in the anti-metric papers, given in the supreme 
spirit of ignorance, have aroused my antagonism. Such 
articles, for example, as the bombastic letter by Mr. C. 
T. Porter, published in the Dec. 25 issue of Engineering 
News, will do more toward hastening the adoption of the 
measure than any amount of favorable argument. In this 
article he starts by giving an historical sketch of the first 
adoption of the metric standard by France. In this he 
departs from the main issue, for, while the relation of the 
length of the meter to the length of the quadrant of the 
earth’s surface was the original reason for the adoption 
of that particular length as a standard, in the vain hope 
that it might simplify certain terrestrial and astronomical 
calculations, the fallacy of this idea was soon discovered, 
and it was seen that any other length would have done 
as well for a standard. The idea, as revised, was simply 
to have a practical decimal system which would be ap- 
plicable and uniform for all measures and all weights. 
The metric system, as now in use by all Latin countries 
and some of the Teutonic, seems to me to fill these con- 
ditions. The method of continuous bisection is of very 
little advantage to the computer when compared with the 
decimal system. 

Secondly,” to quote from the above-mentioned letter, 
“the metric system is absurd, in confounding together 
weights and measures, things which are entirely dissimilar 
and unrelated.”” The chemist and the assayer can tell a 
different story about this absurdity, and can show a great 
simplification in their operation from the fact that a c.c. 
(cubie centimeter, a unit of liquid measure) of water, at its 
maximum density, weighs 1 gram. Also the hydraulic 
engineer. 

“In the English system of linear measurement we have 
uniformity,” says the writer, and more to the same effect. 
Let us see. The government surveyor measures land with 
a chain 66 ft. long, divided into 100 links of 7.92 ins. each. 
He does this to simplify his computation of the area in our 
excellent system of 43,560 sq. ft. to the acre and 640 acres 
to the square mile. Then comes the railroad surveyor with 
his 100-ft. chain, each foot divided to 10ths and 100ths. 
He lays off the curves, makes topographical surveys of 
te bridge and station sites, and sets the mile posts, 52 
stations plus 80 ft. apart! Then come the bridge and 
building plans, dimensioned in feet, inches and vulgar 
fractions, which cause the constructing engineer to re- 
duce the measurements on his topographical plan to a like 
standard. Lastly, the division engineer, in calculating his 
cubie contents of excavations and embankments, has to 


reduce them to cubic yards by division by that very con- 
venient number, 27. This is our ‘‘very ideal of uni- 
formity.’’ In our standards of weight and measure the 
lack of uniformity is still more apparent. We have the 
U. S. gallon, the British imperial gallon, and the wine 
gallon. We have the avoirdupois weight, the troy weight, 
and the apothecary’s weight. Drugs are bought by avoir 


dupois weight, but mixed by apothecary’s weight. The 
value in ore are calculated in the troy system for the 
precious metals and in the avoirdupois for the base 


metals 

I do not contend that the metric system has any advan 
tages over any other decimal system that we might adopt 
but if we do any changing at all, why not use a standard 
which is already widely used, and thus, instead of adding 
a new system to an already too great variety of them 
and which would only be used in our own country, 
assist in spreading a uniformity of weights and measure 
over the whole world? ; 

W. C. Hammatt, Assoc. M. Am. Soc. C. E 
Santa Barbara, Chihuahua, Mexico, Jan. 1, 1903 


From a Metric Advocate. 


Sir: I understand that there is still a controversy as to 
the advisability of adopting the metric system. It i 
certainly hard to explain to blind men what light is. So 
it is with those who never used the metric system; they 
cannot realize its simplicity. 

You may tell them that it is a hundred times easier to 
learn, a hundred times easier to use, that it removes 90 
of the chanceg of errors, that even the present standards 
of machinery can be represented easily, that many na 
tions (whose mechanics were not smarter than Americans) 
have adopted it without inconvenience, and not a sing! 
one would now be willing to return to the old way. To 
all that they reply: ‘‘I don’t like it.’’ 

This is like the man who does not like oysters. He 
never tasted them because he does not like them, and 
cannot be induced to taste them because he knows he 
does not like them. 

There is as much difference in the use of the present 
chaotic system of weights and measures and the metric 
system as there is between a flail and a threshing ma 
chine, yet 50 years ago I have heard in a country town 
a debate on flail vs. threshing machine, and the flail came 
out victorious. Fortunately the threshing machine did 
not need the assistance of Congress as the metric system 
does, and it seems to me that Congress has an easy way 
to determine whether those who favor it or those who 
object to it are right. I would find out on which side are 
those who by their education and experience have been 
led to thoroughly know and thoroughly use the metric 
system. As they are all in favor of its adoption I would 
judge that, knowing both sides of the question, they ought 
to know what they are talking about, while those who 
object to it never have used it 
do not know. 


Consequently they simply 


Arthur Lagron, C. E 

Peoria, Ill., Jan. 7, 1903. 

(Unfortunately for our correspondent’s argu- 
ment, many men who have used the metric sys- 
tem and are thoroughly familiar with it are in- 
cluded among those who oppose legislation to 
compel its use. An example is the letter below, 
received by us just after Mr. Lagron’s.—Ed.) 


- — 


Experience with the Metric System in Mexico. 


Sir: In your issue of Dec. 25 “‘C. S.'" would lead those 
who have never had any experience in the matter to be- 
lieve that the metric system never ‘‘gives any trouble’’ in 
European and South American countries, and cites his 
‘“‘many years of practice there’ as proof. 

It has occurred to me that if the experience of American 
engineers in these countries eould be expressed through 
the medium of your valuable paper it would be very in- 
teresting and would enable your readers to form their 
own opinions upon the subject. 

I hardly think the metricists would agree to this propo- 
sition, however, for, judging from my own experience of 
almost six years in Mexico, the testimony of the majority 
would be against it. 

The work on the first Government wharf and Custom 
House at Tampico, of which I had charge, was done under 
United States measurements because al! of the manufac- 
tured material came either from the United States or 
from England. At El Higo, State of San Luis Potosi, 
where I was the engineer for the American interests in 
the French sugar factory, the boilers, grinding machinery, 
electric plant and filter system were all installed under 
United States measurements, because manufactured in the 
United States, while the balance of the work, deing 
French was done under the metric system. 

I wanted to speak more particularly, however, of the 
metric system as applied to railroad work. On surveys in 
Mexico, angles are still measured by degrees and its sub 
divisions. It cannot be said that measurements of angles 
are less important than measurements of distances in en- 
gineering work, or that there is any greater liability to 
error in using degrees and subdivisions thereof, than in 


any form of the metric system that might be grafted upon 


the functions of the circle. The degree, like the foot 
tied irrevocably to the past’’ and stands as a very strong 
gument t) tr system, because it is still 
use in tl metr ry 

The fou or illroad survey is the 
In the I ed States it lik) ft. In Mexico it is 20 mets 
What is there about 20 meters that suggest i 
motely, the lea of decimal? Yet the whole ba f th 
clain for metri ystem is the decimal, and the u 
the decimal only 

Twenty meters is almost too short a distance to be 
the most econon | service; 10 meters is impossible 1 
10 meters the decimal idea would obtain, so it would 
100 meter But 10 meters is too short and 14) meter 
too long Both are impracticable for that reason ri 
result of the experience of the engineers in Mexico is that 
~() meters is adopted as the station, and we have the very 


onvenient form of distance expressed in the beautifu 
metric system thus: ‘Estacion, 2,575 + 17.25 m.,"" or, in 
other words 51,517.25 m. By inspection it is easy to 
ee that there are two bases of enumeration. In the first 
the unit is 20 meters. In the second part of the quan 
tity, the unit is 1 meter, and then we have the farce of 
adding 2,575 units of 20 meters each to 17.25 unit if 
lL meter each, in the metr system. Computing in pound 
hillings and pence is not more absurd, es 


Ily as the 
metric system is recommended for the elimination of al 


our ‘‘compound”’ troubles. 


In taking intermediate readings on surveys, and in cro 


ectioning and staking out earthwork on construction, the 


decimeter is voo large a subdivision to use with accuracy 


To approximate as close a reading as is taken under the 
American system the rod would have to be read to th: 
quarter of a decimeter, as, for instance, .3825 m., .35 m 


% m., thereby increasing the decimal spaces In 
tice the readings are taken to the half decimeter, still ne 
cessitating the use of two decimal places, and thus in 
creasing the work both in the fleld and in the office, with 
a corresponding increase in the liability to error and 
without increasing the accuracy of the work 

In all the work connected with the grade line, constant 
care must be taken to observe and remember that th« 
per cent. of grade is not expressed in terms of the num 
ber of stations, but of half of them. Thus 1% of 10 sta 
tions is not 1 meter, but 2 meters. 

If the civil engineer should follow the example of the 
metricist and adopt a ‘‘makeshift of a decimal system"’ a 
they have done, by using the centimeter or millimeter for 
a unit, instead of the meter, and adopt some subdivisior? 


of the meter for their unit, we would have confusion 


worse confounded in railroad work. Civil engineers’ time 
hould be, and is, too valuable to stop and interpolate 
nto their notes and reports such eXpressions as, ‘‘These 
quantities are expressed in decimeters,’’ ‘‘These distances 
n meters,’ etc., as is done in treatises where the 
metric system is used. 


In our American system, on the contrary, where 1060 ft 
is the station, and the foot is the unit, subdivided teci 
mally we have a system as perfect as could be desired 
The unit is not so cumbersome that engineers have to 
resort to subdivisions of it in order to express themselve 
with a limited use of time, note book or printer's ink 

One place in the decimal of the foot is as close a reading 
of the rod, either on a survey for immediate readings or 
on construction, as either party to a contract will ask for. 
I would advise ‘‘C. S.’’ that this is ‘‘no makeshift of a 
decimal system,’’ but one that is almost universally used 
among Americans and Englishmen and is the foundation 
of railroad construction which in this country, with almost 
200,000 miles of railroad, ought to be something of a 
recommendation 

It is true we have the cubic yard yet, but that is com- 
posed of cu. ft., and to remove this last irritating feature 
from the argument a cubic unit of 10 or 100 cu. ft. might 
be adopted, thus eliminating the one inconsistency of the 
American railroad system of measuration, and making it 
a still more perfect decimal system than the metric. Its 
adoption would not disturb those other ‘‘measures of 
length” that are “irrevocably tied to the past,’”’ but rather 
would fix and establish them more firmly for the future. 

Very respectfully, A. 8. Robinson, 

St. Ignace, Mich., Jan. 8, 1903. 


> 


Concerning Systems of Measurement. 


Sir: Anent the discussion of the metric system the 
writer would like to call attention to some things in his 
own experience within the past two months. 

Being a Western engineer in general practice consider- 
able architectural work comes into the office along with 
land surveys and “such like.”’ One day a farm survey 
had to be made, and for convenience in calculations the 

teel tape used was the 66-ft. tape divided into 100 links 
This gave chains and decimals of chains, but the farmer 
insisted upon the result being given him in rods and 
yards because ‘‘Measures of length are tied irrevocably 
to the past.’ Gunter’s chain has been in use a long time, 
but the rod and yard for common people antedate it. The 
metric system is likely to be adopted before the ordinary 
people commence to think in chains and links. Th: 
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farmer say A little over one pace a vard and about 
x paces make a rod 
In the afternoon of the same day a survey of a mining 
ditch was completed. It was run out with an engineer's 
tape decimally divided and the leveling rod was 15 ft 
x with decimally divided 


feet rhe result on cuts was 


riven in sixteenths of an inch to the rod and for flume 
n sixteenths of an inch to 12 ft., as 12 ft. was the length 
f boards used for boxe The graders had the rod as a 
unit of lineal measureme ind the carpenters did their 


thinking in box length 


The next day the maps were made and the scale was in 
inches, decimally divided, while the details of flume and 
trestle were in inches divided the ordinary way by con- 


tinual bisection lo make the thing worse, the president 
of the mining company asked that all distances and di 
mensions be also expressed in the metric system. He be 
lieves the metrik ystem will be adopted before construc 
tion commence The writer share this belief, though 
from different reason 

The above work being out of the way, work was re 
sumed on some house plans with the scale expressed in the 
bisected inch. The lot for the building was staked out 
with the hundred-foot tape with decimally divided feet 
The building was set out on the lot with a tape having the 
feet divided into twelfths, and each twelfth into eighths 
The grade was expressed in the grade book in decimals of 
1 foot, but the irpenter had to have it in eighths of an 
neb 

The above facts and almost daily similar ones may be 
noted. Yet there is absolutely no confusion. To the write 
it seems perfectly logical to have several different sy 
tems of measures of length, and the metric system will! 
never displace all others. The division of the foot into 
inches is not so logical as the division of the inch into 
halve quarters and eighths, The former is arbitrary ard 
the latter natural, yet centuries of use have made both easy 


to use The duocdecimal system of measurement in its 
ompleteness gave us the twelfth divided foot, in which 
the half is six parts and the quarter is three parts of the 


whole, but the continually bisected twelfth could not be 
upplanted by a twelfth divided into twelves. 

School books make a distinction between common frac 
tions and decimal fractions. Many teachers say it is 
necessary to make the distinction. By folding strips of 
paper a child can by contiaual bisection understand com 
mon fractions It must first be taught to measure before 
understanding decimal fractions Our financial system is 
no criterion Fifty cent is half a dollar. Twenty-fiv: 
cents is a ‘“‘quarter’’ or ‘two bits.” 

six bits 


Seventy-five cents i 


To the electrical engincer and physicist, who occupy a 
fleld wherein the common people have little share (except 
as sharers of ultimate benefits) the metric system is (or 
is claimed to be) peculiarly adapted 


To the mechanical engineer, who makes articles in 
every-day use by common people, the foot divided into 
inches and the juch divided into eighths seems admirably 
adapted. For his own convenience in calculating he can 
use decimals and give results in units the people can 
understand. If he is making articles for export he can 
use the systems in use in the countries to which the ar- 
ticle is to go. 

The architect finds it easiest to use the bisected inch, as 
all his work is done with men who habitually use it. 

The civil engineer—but here we must pause. For his 
especial benefit land measures will not be disturbed. He 
can still use for areas the Gunter decimal chain, than 
which nothing can be mere convenient. The rod will be 
with him, and the yard, and also the foot. He will, in 
addition, have the metric system. Where is the benefit 
to the civil engineer if he preserves ancient systems of 
measure for part of his work and must continually be 
converting scales for other parts of his work? We should 
xo thoroughly into the matter or not at all. Either give 
us the metric system for everything or let us retain what 
we have. For short measure without long calculations 
the foot and inch are in such common use that there 

no difficulty in using them. For the massive works of 
the civil engineer the decimally divided foot is found to 
be very convenient. Let us keep these standards 

The only trouble with our present standards lies with 
the man on the border line. In scientific circles it is the 
engineer who has to interpret to the common people (and 
they are many) the conclusions of the scientists (the few) 
which come to him expressed in the convenient (scienti- 
fically) decimal metric system and which the people must 
have in the convenient (to them) system of their fathers 
In business cireles it is the salesman who places domestic 
xoods abroad. In the case of the salesman the trouble 
can be remedied by his house having a set of standards 
for domestic business and a set for foreign business In 
the case of the engineer he should be thankful that his 
jot is no worse. Under the present arrangement only a 
few are troubled. Under the new arrangement every one 
of us will be engaged in educational work until death 
relieves us And the people will all be mightily troubled 

MacFarlane in The French Revolution,’ speaking of 
the extraordinary calendar adopted by the French in 1793, 
ays 
tead of our twenty-four hours to the day 
and sixty minutes to the hour, the day was divided into 


ten parts, and the tenth was to be subdivided by tens end 
again by tens to the minutest subdivision of time. New 
dials were ordered to mark the time in this new way, but 
before they were finished it was found the people were 
puzzled and perplexed . and the hours, minutes 
and seconds were left as they were 

“Measures of length are irrevocably tied to the past.”’ 
The vara is a legal measurement in California, and the 
name will never disappear from the records even if work 
is actually done in other units. Men talk glibly of the 
vara, but would be puzzled to explain it. Pace off 50 
varas and you will! find the length to be 137% ft., and that 
the vara is in fact practically one pace. So our ancient 
systems of measurement had the yard, which was three 
times the length of the foot, and the inch, which was 
the length of three barleycorns. Men noticed with super- 
stitious awe that the number of barleycorns in one foot 
equalled the number of inches in the yard, and an ap- 
parently accidental matter became one of holy import 
And when the pace of a lusty man was found to be prac- 
tically a yard, nothing more was needed until Piazza 
Smith got to work on the pyramids 

The length of the yard (under whatever name) and of 
the foot varied, of course, with the stature of the people 
of any country. But as the Anglo-Saxon made his ir- 
fluence felt over the world the standards were his where 
his goods were used. In the back districts, where his 
influence was not feit, old standards prevailed and their 
names are still preserved 

The Anglo-Saxon has several systems of measurement, 
each most convenient for its purpose. Is he to give them 
up and be put to mighty inconvenience for a century to 
atisfy visionary enthusiasts? What benefit will there be? 

The writer believes if the change is to come it will 
come with time without legislation other than statutes 4de- 
fining equivalents. The Western States have statutes de 
fining a miner's inch in cubic feet per second. The miners 
all use the inch as being more easily understood, and 
where water is plentiful it is all right. When water i 
cientifically measured the miner recognizes the province 
of the engineer and steps aside. In conversation, how- 
ever, he talks of the inch. It only came into use two 
generations ago and the second-foot trod on its heels, but 
it will take several generations to get rid of it. 

The mechanical engineers cannot be accused of ‘‘old 
fogyism"” simply because they do not favor a present 
change by legislation. The term ‘‘old fogy’’ cannot be 
applied to men who fearlessly destroy thousands of dol- 
lars’ worth of machinery in a year to replace it with 
something better. When these men see a money value 
in the wholesale adoption of the metric or any other 
decimal system of measurement it will be done. Of this 
we may be sure. 

Ernest McCullough. 

Lewiston, Idaho, Dec. 31, 1902 
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Notes and Queries. 


W., Winona, Minn., writes: 

Will you please inform me whether or not the custom 
of making tests of cements by heavy purchasers is grow- 
ing more or less prevalent? In other words, are the 
various brands becoming well enough established so that 
elaborate testing is not considered as necessary as 
formerly? 

Our impression is that the exact contrary is the case, 
and that systematic testing of cement by large users is 
more common now than ever before. It is true, of course, 
that cement makers regularly test their product, and no 
reputable concern intends to furnish unsound cement. On 
the other hand, the user’s test for fineness enables him to 
know what proportion of the cement which he Is receiv- 
ing is really cement and what part is unground clinker, of 
little more value than sand for cementing qualities and 
likely to make the cement unsound. 


W. M. F. has to rebuild some street railway track in 
brick paving to accommodate railway freight cars as well 
as street cars, and wishes to know what section of rail 
would be best under the circumstances. The only section 
he can find which will accommodate both kinds of wheels 
is the Pennsylvania Steel Co.’s No. 217, which is a 7-in. 
tram girder rail. Mr. Wilgus, Chief Engineer of the New 
York Central R. R., was at one time interested in the de- 
sign of a 9-in. 157-lb. girder rail for this purpose, but this 
rail is not on the market. 

We do not suppose that many grooved girder rails are 
made with groove large enough for the flanges of ordinary 
car wheels. If a T-rail can be used, the special brick 
forming the groove might be set far enough away to widen 
the groove by placing book tile against the web of the 
rail. Or the brick might be chipped to give the necessary 
width and depth of groove, and the rough surface of the 
xroove then smoothed off with cement grout or asphalt. 
Perhaps some of our readers who have built or operated 
street tracks carrying steam railway cars can give some 
information on this point. 


In the article describing the 64th St. sewer tunnel and 
outlet sewer work at Brooklyn, N. Y., in our issue of 
Jan. 1, 19. we failed to say that all the brickwork was 
laid in natural cement mortar and that considerable 
natural cement concrete was also used. 


l.. N., Louisville Ky., asks where he can obtain a 


formula for or method of finding the tractive power of 
three-cylinder compound locomotive. 

As tractive power of locomotives is commonly <0: 
puted, from the weight on the driving wheels, it wil! ma 
no difference what cylinder construction is used. If, h. 
ever, it is desired to compute the tractive force develo: 
by the cylinders, it can be done by the same method | 
compound locomotives as for the simple locomotive. 7 
rule given in Forney’s ‘‘Catechism of the Locomotive 


3¢2, is: 


The tractive power of a locomotive is equal to the pr 
duct of the total area of the pistons by the average « 
fective steam pressure in lbs. per sq. in. on the pistor 
during the whole stroke, and twice the length of + 
stroke of the piston; this product to be divided by + 
circumference of the driving wheels. } 

In the case of a compound locomotive, of course 
area of each piston is multiplied by the mean eff: 
pressure upon it, and the sum of the work done by 
several pistons is found. It will be seen that the ab 
method is simply to find the foot pounds of work 4 
in the cylinders during one revolution of the drivi: 
wheels and then to divide this power developed by the 4 
tance through which the train is moved. In this caleu 
tion no account is taken of the friction of the locomo: 
itself or of the power required to move the locomotive a; 
tender. To find the drawbar pull exerted on the train | 
hind the tender these quantities must be deducted. 


GOVERNOR ODELL ON THE PROPOSED 1,000 TON 
BARGE CANAL. 


The following is the portion of Gov. Odell)’ 
message to the legislature which deals with th 
project for the construction of a 1,000-ton bare: 
canal, from Lake Erie to the Hudson: 


The desire to maintain the commerce at the ports « 
New York and Buffalo, and the failure of canal tra 
portation to adequately meet the demands of trade, ha 
led those who have given consideration to this subject 
suggest a very material increase or enlargement of ca: 
facilities. 

There is perhaps no subject which you will be called 
upon to consider that is fraught with so many difficulti: 
and the failure of every attempt in recent years to mal 
canal traffic more effective should be a warning, a: 
should preclude hasty conclusions as to the proper remedy 
to be applied. 

That the Erie Canal has performed an important work 
in the development of our State is not questioned. That 
it is the desire of all of the people that it should remair 
as a factor in the adjustment of freight rates is equally 
true. But as to the extent to which the State should ge 
in the direction of improvement there is a wide divergenc 
of opinion. 

There has been, unforturately, no policy in this matte: 
which had the character of permanence. Neither th« 
lowering nor the abolition of tolls upon the canal 
brought, as was hoped, an increase of traffic. On th: 
contrary, there has been a gradual but certain decreas: 
both in tonnage and in the number of boats engaged 
canal traffic. 

Under the present system, disregarding for the time b« 
ing the factor of cost which the State in the nature of a 
subsidy grants, the fact is apparent although the per to: 
mile cost of canal transportation is but 0.19 ct., whil: 
upon the railroads 0.59 ct., that the railroads are increa 
ing their traffic while the canal is gradually losing it 

Why shippers are willing to pay this increased cost lx 
comes therefore a proper subject for inquiry. Is it be 
cause of greater facilities and more prompt shipment a! 
other outports that this decline in canal traffic is duc 
And will an enlarged canal win back the commerce whic! 
we have lost? 

It can be taken to be a certain and fixed conclusion that 
commerce will follow the line of least resistance, where 
the cost is lowest and where facilities for reloading freight 
for export are best. The inability to use the canal for at 
least five months of the year to my mind is first of al! 
a serious consideration in competition with railroad tran 
portation, which, in addition to the terminal charges at 
New York and breaking of bulk at Buffalo, seem to giv: 
to the railroads an advantage which should be thoroughly 
considered before an enlargement of the canal is autho: 
ized. 

Still lower freights seem to be the remedy which it 
hoped may restore this inland commerce. This can !: 
accomplished in one of two ways—either by greater spec! 
upon the canal, or increased carrying capacity of 1!) 
boats. If it is possible to accomplish the desired resul' 
through either of the methods suggested, I am convince! 
that by reason of the decreased cost we can exact a to! 
which, while in no way interfering with the use of tl 
canal, would assist in its maintenance and in the paymer' 
for the improvement. 

I have endeavored to give to this subject the considera 
tion which its importance demands, and have heretofor: 
expressed myself and now reaffirm my belief in the th 
sand-ton barge plan. 

I cannot urge too strongly upon the legislature the n 
cessity for immediate attention to this important pro! 
lem, and while recommending that every considerativ' 
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| be given to the various interests involved, we should 
lect that above every other claim the prosperity and 
ilding of our State are foremost. While giving all 
eht to the expense involved, we should not be deterred 
any expenditure that will hold the supremacy of 
h we are all justly proud. 
nope that the conclusion reached may be so supported 
ita and figures that there shall be no dissent from 
deductions which are thus arrived at, and that the 
» may be put in possession of every detail that is 
sary to enable them to speedily pass upon and ex- 
their approval or disapproval of the plans to be sub- 
ted. ° 
my last message I advocated the deepening of the 
to a 9-ft. level, with locks capable and large 
igh to provide for 1,000-ton barge tonnage. To this 
equently suggestions were added that both the Oswego 
i the Champlain Canals should be equally enlarged. 
his proposed measure failed of passage, I am con: 
ced, because of an honest belief upon the part of 
ny members of the legislature that the plan proposed 
inadequate to meet the requirements of commerce 
\¢ the time of the submission of the nine-million-dollar 
in it was generally conceded by those interested in 
il traffic that a 9-ft. canal would be adequate to meet 
| demands. 
rhe failure of that sum to complete the iniprovements 
J to the appointment of a commission by my predecessor, 
hich commission submitted a plan for the 1,000-ton 
rge canal, and to that project the commercial bodies 
New York and Buffalo stand committed in the belief 
no other remedy will produce the desired results, 
shile the interior cities and others who are affected are as 
rnest in their opposition to the larger plan and are as 
mly convinced that a canal completed along the plan 
the 9-ft. level will be sufficient for all requirements. 
Therefore the friends of the canal, while united in the 
eater cities, are at odds in other sections of the State 
ver the amount of expenditure which the oommonwealth 
hould authorize for the completion of this important 


work. 

So far as the 1,000-ton barge canal is concerned, I had 
hought that the route known as the Oswego, Ontario and 
Oleott at a much less cost would be sufficient for all pur- 
poses and would secure the result desired much more 
speedily than the so-called interior route. Those who 
have given the Lake Ontario, Oswego and Olcott plan 
study are firmly convinced, however, that it is imprac- 
ticable, and that at the time when the canal traffic would 
be at its heaviest it would be impossible because of ad- 
verse winds and dangers of navigation 

So we are forced to the conclusion that the only prac- 
tical route for canal traffic for a 1,000-ton barge would be 
along the more expensive line, which can only be built at 
a cost under the State Engineer's estimate, and assuming 
that the bonds were for 50 years and the interest at 3%, 
of $193,980,967.50, principal and interest. 

This plan only contemplates the deepening of the Cham- 
lain Canal to 7 ft., but the advocates of canal improve- 
ment now desire that it should also be deepened to a 12-ft. 
level, which would increase the cost to $215,000,000. 

It is well known that no great undertaking of this 
character ever was completed within the engineer’s esti- 
mate, but owing to increase in the cost of labor and ma- 
terial, there should be a factor for safety of at least 20% 
more, which would make a probable ultimate cost for 
construction of over $255,000,000 in principal and interest, 
from which should be deducted the interest of the sinking 
fund. 

Suggestions have been made, and it is only fair that 
they should be presented to you, that if the canal were 
enlarged to a 9-ft. level and by the use of the water 
powers of the State and by the introduction of electric 
motors that not only the same object could be accom- 
plished, but that sufficient revenue could be derived trom 
the sale of power to almost maintain the canal. 

The cost of the electric equipment and providing water 
power would be much less than under the 1,000-ton plan, 
and perhaps would accomplish the same results. 

If this be feasible, I am sure that all who are interested 
in the welfare of the canals would be glad to give it 
consideration. If this plan should be adopted, the canal 
could be constructed within two or three years and the 
constant withdrawal of commerce could be checked much 
more rapidly than under the 1,000-ton barge plan, and it 
could be provided for under the present Constitution. The 
former would require an amendment. 

If it should be deemed wise to select the 1,000-ton barge 
plan, it could be submitted to the people this fall under 
the 18-year bonding Clause of the Constitution, and ro 
work performed until the adoption of a Constitutional 
amendment extending the time of payment. In the cvent 
of a refusal by the people to so amend Section 4 of Article 
VII, under the same section the legislature can repeal or 
render inoperative the expenditures authorized, and thus 
safeguard against excessive taxation, which would be re- 
quired for the improvement. 

In the event of the 1.000-ton barge plan being author- 
ized, I would recommend the adoption of a concurrent 
resolution providing for the reimposition of limited tolls, 
which would perhaps produce revenue enough to provide 
for the maintenance of the canal, believing that the lower- 


ing of the freight rates would be so great that a tollage 
could be easily met without interfering with the results 
which it is hoped to accomplish under this plan. 

The money for payment of principal and interest of the 
debt could be met by a dividend tax upon the apital 
stock of manufacturing corporations, which would »ro- 
duce about $2,400,000, and by modifications of existing 
revenue laws by slightly increasing the rates affecting 
others than corporations. But as it is not necessary to 
provide this revenue until the plan shall be approved by 
the people, there is no immediate necessity for the con- 
sideration of this part of the problem other than the adop- 
tion of a resolution for the reimposition of tolls, which 
must be by Constitutional enactment 


~ 


A NEW AUTOMATIC OIL-SWITCH FOR HIGH-TENSION 


CIRCUITS. 


Perhaps as interesting a feature as any other 
in the modern history of electrical control ap- 
paratus is the development of the high-service 
switch. The demands placed upon this device 
are severe, its purpose being to pass or interrupt 
currents of heavy volume at high tension; more- 
over, it must primarily be the most reliable ele- 
ment of the entire circuit or system. 

For the heaviest service the open air break 
form of switch has been found quite inadequate, 
and it is rendered additionally objectionable by 


Eight-Cylinder Oil Pump for Steam-Engine 
Lubrication. 


being a danger to persons and often a serious 
fire hazard. In its place there has come into pse 
a type of switch in which the circuit is broken 
under oil and in an enclosed fireproof chamber, 
the working parts of the switch being located 
outside of this chamber. This form of switch is 
particularly convenient where it is desirable or 
necessary to operate the switches by auxiliary 
control instead of by hand. It is possible then 
to place all the switches in a room by themselves, 
and, by operating them electrically through low- 
voltage auxiliary circuits and relay switches, to 
keep the switchboard entirely free from high- 
tension circuits. 

This arrangement has been adopted in all the 
recent very large electric generating stations, and 
also in a goodly number of medium-sized sta- 
tions. It makes possible a remarkably compact 
arrangement of the controlling instruments and 
relay switches, and places the largest station un- 
der as ready and simple control as the very much 
smaller stations of former years. The automatic 
oil-switch is of course the most interesting part 
of such a modern switching system. One of the 
most recent forms of oil-switch is shown in the 
accompanying view; it is a three-pole double- 


break switch which has just beén brought out 
the Westinghouse Electric & Mfg. Co., of Pitts 
burg, Pa., under the “Type C Circuit 
Breaker.”” The following is a short description of 
this switch, 


This intended for 
ternating circuits The 


name 


Switch is three-phase al 
supporting and enclosing 
Structure of the apparatus is a brick 
divided by two vertical brick 
three compartments Each 


chamber 
partitions into 
compartment is in 
tended for the terminals of One pole, and con- 
tains an oil-tank in which the two br aks of that 
pole are made The three compartments are 
covered over by a soapstone slab on which the 
operating mechanism of the switch is mounted 

In each of the three compartments there is near 
the top a horizontal cast-iron frame, 
from the soapstone 
sulators. The 


suspended 
cover slab by strain in 
oil tank is hung from this frame, 
but it is arranged to slide Vertically on guides 
so that it can be lowered for filling, ete. The 
frame also holds two porcelain insulators, 
which the two terminals of that pole 
ward and connect each to a vertical copper rod 
projecting into the oil. A U-shaped piece of ¢ ‘p- 
per is arranged so that it can connect the lower 
end of these rods and thus close the circuit of 
that pole. It is held on a wooden rod which 
passes up through the cast-iron frame and through 
the soapstone cover: at its upper end this 
wooden rod is attached to an operating crosshead 
by which it may be moved downward to open the 
circuit. When the rod with the attached copper 
U-piece has been pushed down, and has thus 
opened the circuit by a double break, the wooden 
rod stands between the two copper terminal rods 
ind thus guards against the current 


across, 


through 
Pass down 


jumping 


The operating mechanism for th: switch com 
prises a crosshead connecting the tops of the thre 
wooden rods, a system of links giving a straight 
line vertical motion to this crosshead, and de 
vices for raising and lowering the crosshead, i. e 
for closing and opening the switch The switch 
is closed by a set of electro-magnets energized 
by the low-voltage control circuit, which magnets 
act to raise the crosshead. <A pair of toggle links 
is provided to hold the crosshead in the closed po- 
sition; the toggle may b 
the armature of 


released hy a blow from 
a tripping magnet. This magnet 
is energized by the low-voltage controlling circuit 

The automatic or overload circuit breaking 
mechanism is a small relay switch, fed by series 
transformers in the main circuits, and actuating 
a control switch mounted on the main switch- 
board. This control switch is also arranged for 
manual operation and serves to either open or 
close the oil switch by means of the magnets de- 
scribed. It is of the drum type, and has three 
positions, viz., “Closed,” “Off” and “Open.” When 
the oil switch is to be closed, the control switch 
is turned by hand to “Closed,” and thereby con- 
nects the low-voltage current so as to operate 
the closing magnet of the oil switch. As soon 
as the hand is removed from the control switch, 
however, it springs back to “Off,” in which 
position the overload relay is connected to trip 
the control switch under the proper overload con- 
ditions. When the switch is automatically opened 
under such conditions, an electric lamp on the 
switchboard is lighted so as to attract the oper- 
ator’s attention. If, however, the control switch 
is thrown to “Open” by hand, thus opening the 
oil switch, this lamp does not light. 

In order to give a check on the proper response 
of the oil switch to the operation of the control 
switch, a small indicator is mounted on the 
switchboard; it consists of an electro-magnet with 
a pivoted armature capable of turning through an 
are of about 90°; the armature moves a pointer 
over a disk to show the open or closed position 
of the oil switch. The indicator is actuated by a 
small knife-switch connected with the operating 
links of the oil switch. 

The overload relay, which serves to trip the 
control switch when an excessive current flows 
in the main circuit, is mounted on the cover 
slab of the oil switch. It consists of two alter- 
nating-current electro-magnets fed by trans- 
formers in the main circuit. Between the poles 
of each of these magnets swings a metal sector. 
The field produced by the magnet tends to move 
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the metal sector, which is counterweighted, and 


vhich carries a contact that closes the tripping 


! t of the control switch when the main cur 
nt exceed t ertain value The two sectors 
ure nnected in parallel; each f the sectors 
lone is able to open the circuit 
In the illustration accompanying, the arrange 
nent of the parts of this oil-switch can be seen 
‘i thre ompartments are shown in different 
nitions the one on the left with its iron door 
ed, the middle one with the door removed 
ne the dil-tank in place, and the one on th 
ht with tl il-tank removed It should be 
iid that each oil-tank has a gage glass to show 
wmnount f olf contained in the tank; the 
ims ire made of sheet métal and are lined with 
lating cement On top of the brick structur 
The een the crosshead and operating levers, 


th the toggle and tripping lever and magnets 
t the left, and at the right a spring to pull the 
head down quickly in opening the circuit. 


In the center is the overload relay, showing the 
agnets and sectors Behind this relay, barely 
ible in the picture, is the magnet for lifting 
the crosshead (i closing the cireuit). The 


ther devices mentioned, the control switch and 
ihe indicator, are not shown, being part of the 
witcehboard equipment 

The main contacts of the oil*switch, when the 
reuit is closed, are made by the U-shaped cop 
per piece and the copper rods, as already men- 
tioned The break, however, is not made here 
but oceurs at removable plugs, attached to the 
main terminals, which are adapted to enter holes 
in the movable contact. These plugs leave the 
holes in the removable contact after the circuit 
through the main contact surfaces of the rods has 
heen broken, and thus all arcing takes place at 
the plugs, which being removable can readily be 
renewed 


— 


AN ELECTRIC-SPEED CONTROLLER ATTACHMENT TO 
A WATER WHEEL GOVERNOR. 


\ useful attachment to water-wheel governors 
ontrolling hydraulic motors used to drive al- 
ernators in electric power stations has just been 
brought out by the Lombard Governor Co., of 
Boston, Mass It consists of a small electric 
motor arranged to lengthen or shorten the valve 


tem of the governor, and thus to lower or raise 
he speed of the turbine corresponding to a given 
1 itien of the centrifugal balls. The motor is 
similar to those used for driving electric fans 
The connection of the motor to the right and left 
threaded coupling which draws the two parts of 


the valve stem together or forces them apart is by 
1 worm and gearing, giving a very large speed 
reduction, so that the actual power required by 
the motor is trifling; probably not more than 
1-100 HP. at a maximum, and that only for 
afew moments. Thus the motor can be run with 
two or three cells of a dry battery, where it is 
not convenient to connect it to the exciter circuit. 
The apparatus can be attached in a few minutes 
to any of the Lombard governors now in service 
ind does not interfere in any way with the 
normal control of the valve by the governor. 
In use the motor is controlled by two small 
push-buttons, which may be placed at any de- 
sired point, a O-wire cireuit being led from them 


the motor I'sually these buttons are placed 
the station switchboard, where they are con- 
ver nt to the operator in bringing an alternator 
ip to speed and synchronizing it t6 throw it into 
parallel. Inasmuch as these two push buttons 


ict to instantly raise or lower the speed of the 
nerator, it will be seen that the operator can 
bring the generator to exact speed by them with- 
out taking his eyes off the synchronizing lamps 
and without the aid of an assistant 
Another important governor attachment re- 


ntly brought out by the Lombard Co, permits 
to be stopped or started by merely press 
ing ane electri push-button, which may be 


any distant point, or if desired a num- 


t such push-buttons, to stop the turbine 
may t Placed at various points in a factory for 
use jin cas f emergency A somewhat similar 
ipparatus is arranged to start the turbines auto- 


matically whenever the exciting current is turned 
nto the generator fields, and to stop them auto 
matically wherever the field circuit is broken. 


THE ORGANIZATION FOR CONSTRUCTION OF THE PEN? - 
SYLVANIA R. R. EXTENSION IN NEW YORK CITY. 


The engineering organization to prepare and 
carry out the plans for the extension of the Penn 
sylvania R. R. onto Manhattan Island and its ter- 
minal there has been perfected. The commission 
in charge of the tunnel work consists of Col. 
Charles W. Raymond, Corps of Engineers, U.S.A., 
Chairman; Charles M. Jacobs, Chief Engineer 
North River Section; Alfred Noble, Chief Engi- 
neer East River Section; William H. Brown, Chief 
Icngineer Pennsylvania Railroad, in charge of 


tracks and terminal yards; Gustav Lindenthal, 
itridge Commissioner of New York city; George 
Gibbs, First Vice-President of Westinghouse, 
Church, Kerr & Co., in charge of mechanical en- 
cineering, electric locomotives and traction. 

The firm of Westinghouse, Church, Kerr & Co. 
has been placed in charge of the mechanical and 

lectrieal engineering work, in connection with the 
rew lines, and the firm of McKim, Mead & White 
are to be the architects. 

The Pennsylvania Railroad officials thus deal 
directly with three organizations: The engineering 
commission; the firm of architects; and the West- 
inghouse firm as engineers. Harmonious co-oper- 
ation between these organizations is ensured by 
the representation of the Westinghouse firm on 
the Commission, and by the attendance of Mr. 
Mead on the Commission’s meetings. 

Within the Westinghouse, Church, Kerr & Co. 
organization has been formed a special Pennsyl- 
vania Railroad Terminal Committee, meeting at 
regular intervals and representing in its member- 
ship the various branches of engineering involved. 

Thus far the active engineering work has con- 
sisted chiefly of investigations concerning the 
relative feasibility of different plans. Thus there 
is being perfected by study, design and elim- 
ination a final set of plans which will come before 
the management of the Pennsylvania Railroad for 
final approval, and upon which the work of con- 
struction will then proceed. 

The Commission has been at work since early 
last spring, while the architects and engineers 
have had a large corps of men actively engaged 
since last June. 

The engineers have already substantially com- 
pleted the plans for the Long Island power house, 
so that work can be begun immediately upon the 
same; this was necessary in order to provide elec- 
trie power for the Atlantic Avenue Division of 
the Long Island R. R. (described in Engineering 
News of Dec. 18), which will be ready for opera- 
tion much earlier than the Pennsylvania R. R 
tunnel lines. This power house, together with the 
one in New Jersey, will jointly serve the entire 
terminal system, and each will have provisions for 
relaying the other and for serving the New York 
Terminal station singly or jointly. 

It may be noted as illustrating the magnitude of 
the work to be done on Manhattan Island, that 
besides the terminal station proper an area of 
about 500 x S00 ft. between 7th and th avenues 
will have to be excavated to a depth of 40 to 50 ft 


FORESTRY ON WATER-WORKS DRAINAGE AREAS. 


Forestry in the United States seems a thing of 
yesterday, but already a good beginning in seed 
and tree planting has been made in the drainage 
areas of a number of water-works. The Metro- 
politan Water and Sewerage Board (Boston and 
vicinity), the cities of Woonsocket, R. I., Hartford 
and Middletown, Conn., and the private water 
‘ompanies supplying New Haven, Conn., and 
Johnstown, Pa., have made beginnings in for- 
estry work, although the Johnstown Water Co. 
has done no planting as yet. In addition, some 
work of a similar character, mostly in the way of 
projects, has been done in the Far West, as out- 
lined at the end of this article. 

From the information in hand it appears that 
the first forestry work on an extensive scale ever 
done in the drainage area of an American water 
supply system was started in 1898S by the Metro- 
politan Water Board, the predecessor of the pres- 
ent Water and Sewerage Board. In any event, 
this work will be described first, and the other 
efforts will be outlined in geographical order. 


THE METROPOLITAN WATER AND SEW 
ERAGE BOARD.—In its report for the year 1900) 
the work done during the year by the predecess 
of this board is described as follows: 


A fire line 40 ft. wide has been cleared off around t} 
margin of land purchased by the board for 37,230 lir 
in order to have an open space for the purpose of fi re pr 
tection. There have been 22.9 acres of woodland clearea 
the underbrush cut and in some cases burned: 1.9 acr. 
have been cleared and grubbed for a nursery on the 3 
side of the reservoir. Twelve bushels of sugar ma 
seeds, 12% bushels of white oak acorns and 114 bush. 
of chestnuts have been gathered; 56,564 sq. ft. have be 
planted with maple seeds, 15,030 sq. ft. with white < 
acorns, and S80 sq. ft. with chestnuts at the nurser 
There have been 1,793 pine trees, from 1 to 6 ft. in hei, 
aken from below the flow line near Sawyer’s Mills 
set out on the margin of the reservoir near the north dik« 
6,500 pine trees, from 1 to 6 ft. in height, have been tak: 
from the southerly arm of the reservoir below the fl x 
line, and set out along the south side of the reservoir 
Boylston; 175,000 pine seedlings and 200 sugar may 
seedlings have been transplated at the nurseries 


In the report for 1901 it is stated that old and 
new fire guards were cleared during the year 
and that in extremely dry weather a fire patro! 
was kept up. Thinning for improvement was don 
on 123 acres of land, 103 acres were cleared pre 
paratory to tree planting the next spring, and 
144 acres had been 


ar 


cleared and grubbed for extending the nurseries on the 
south side of the reservoir; making the total area of tre 
nurseries under cultivation about five acres, on two acre 
of which white pine seeds have been planted during t} 
year. 

At the close of the year the nurseries contained 
685,000 white pine seedlings, of which 100,000 
were from seeds planted in 1898; 70,000 from 
planting in 1899; and 515,000 from planting in 
1901, 

All this work has been done on the margins of 
the new Wachusett Reservoir, which will be 
formed by the immense dam across the’ Nashua 
tiver, at Clinton, Mass., now being built by the 
board. Mr. Frederic P. Stearns, M. Am. Soc. C 
K., is chief engineer of the board, and Mr. Hiram 
A. Miller, M. Am. Soc. C. E., is engineer of th 
reservoir department. Mr. Miller has kindly out 
lined for us the forestry work done during the 
first eight months of 1902, as follows: 


Since Jan. 1, 1902, approximately 175 acres of old 
pasture land has been planted with white pines and 
“ugar maples, rows 9 ft. each way. The method of mixing 
has usually been as follows: 


Pine Maple Pine Maple 
Maple Maple Maple Maple 
Pine Maple Pine Maple 
Maple Maple Maple Maple 


This mixture required 435 pine and 1,307 hard mapk 
eedlings to the acre. The pines were taken from seed 
lings grown in the nurseries. The sugar maples wer 
natural seedlings pulled from the pure hard maple for 
ests in Tolland, Mass. The other work during the yea: 
has been care of the seedlings in the nurseries, fire pro 
tection, etc. 

In a still later communication to this journal 
Mr. Miller states: 


Arrangements have been made for planting in the spring 
of 1003 two hundred acres of old pasture and mow 
lands, using white pines and sugar maples in the sam: 
manner as was used in the spring of 1902. 

In addition to the foregoing statements we are 
informed by Mr. B. E. Fernow, Director of the 
New York College of Forestry, Cornell University, 
that the planting work at or near Clinton is now 
being done under the immediate direction of Mr 
Theo. F. Borst, a graduate (1901) of the college 
just named; while Mr. Overton W. Price, Acting 
Forester, U. S. Bureau of Forestry, states that a 
plan was made for the board in 1901 by the Bu- 
reau of Forestry. 

MIDDLETOWN, CONN.—The water commis- 
sioners recently secured control of some farm 
lands on the east side of its new reservoir on 
Higby Mt. On such of the land as would not 
produce a paying crop of hay it was decided tv 
put out seedling trees, instead of allowing the un- 
controlled reéstablishment of forest conditions 
In the report of the water commissioners for 1901 
it was stated that, as an experiment, “saplings 
taken from the woods’ were set out, besides 
which some seedling evergreens were planted, 
making a combined number of 451. The difficulty 
and cost incident to obtaining and transplantine 
saplings being so great, nurseries were estab- 
lished at points convenient to the land to be de- 
voted to forestry. In 1901, seeds of black wal- 
nuts, oaks and hickories were planted. The con- 
ditions existing on Nov. 20, 1902, have kindly been 
stated for us by Mr. J. C. Broatch, Superintendent 
of Water-Works, as follows: 4 

We have about 30,000 white pine and a large number of 
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k walnut, oaks and hickories raised this season. This 
of raising the stock for planting will be followed 
y year until the watershed is planted with the selected 
es of trees for timber culture. Our board of water 
nissioners has made a written agreement with the 
ultural Experiment Station, at New Haven, Conn., 
h have charge of the state’s forestry work, whereby 
latter will co-operate in this work by making a plant- 
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These open fields are being planted with white pine, red 
oak, maple and other valuable species, in order that they 
may be brought, as soon as possible, under forest cove: 
The forest is being carefully thinned with a view of utiliz 
ing the dead, dying and defective material, and of im 
proving the conditions of the forest by removing individ 
uals which are crowding their more valuable neighbors 
Tho ylenting involves the expenditure of some 


works drainage areas we have received a letter 
from Mr. F. H. Newell, M. Am, Soc. C. E., 
Washington, D. C. Chief Engineer of the U. 
Geological Survey, from which the 
tracts are taken: 


following ex 


money, on 
lan and superintending the work of planting when which is fully justified financially by the returns which Phe additional cases which occur to me are the \ 
sary. The board has agreed to expend for this pur- can be obtained in the future, and is of particular im- by the Government of the Bull Run Fore Re erve, te 
not less than $200 per year for five years from Jan portance from the influence of the forest as a protective protect the water supply of the city of Portland Phe 
“03. This agreement was brought about by Mr. Walter 


F. E., State Forester. 


cover. The work of thinning is yielding very sat 


isfactory 
financial results. 


facts concerning this reservation can probably be ascer 
tained from the Superintendent of Water-Works, Portland 
Oregon 

The city of Salt Lake has, I think, a tract of land, either 
purchased or reserved on the headwaters of City Creek 
and is doing something towards reforesting this area 

The Denver Union Water Co. is protecting the area 
tributary to Lake Cheesman and has been discussing 
the feasibility of planting or seeding the lands around the 
lake. 

The Spring Valley Water-Works Co, of San Francisco 
has, I think, encouraged tree-growth on the catchme 
areas tributary to its streams 

The city of Los Angeles has been prominent in urgi: 
Federal authoritic to protect the forest — re 


Servatio 
around the headwaters of Los Angeles River. 


THE ELIMINATION OF HAND LABOR IN BRICK 
MAKING. 
Parker B. 
All observing persons will agree that the manufactur 
world has practically been revolutionized within the la 


By J Fiske, S. B.3 


quarter of a century by the use of labor-saving mach 

ery. Hardly a class of manufacture exists that has not 
felt its magic touch, and with its aid the United State 
has become the foremost manufacturing country in the 


world A manufacturer in nearly any industry who 
should return to the practice of even ten years ago in 
preference to that of to-day would invite failure and 


bankruptcy. 


This is the age of machinery—automatic machinery 


ften with the most intricate mechanism, which work 
FIG. 1. EXTERI 
OR OF FACTORY OF THE FISKE BRICK CO., DOVER POINT, N. H. with marvelous speed and accuracy and which accom 
Mr. Mulford has made surveys and examined the soils The situation at Hartford is similar, except that the plishes tasks far beyond the capability of the human hand 


and conditions of all of the farm lands in question for 
the purpose of making a planting plan. There are about 
one hundred acres of these bare lands still retaining the 
fence division into lots, and each lot is treated separately 
in the plan. We also have large areas of woodland cn 


the mountain slope, west of the reservoir, and it is pro- 


posed to gradually improve the conditions there by sub- 
jecting these wood lots to forestry treatment. Mr. Mul 
ford will probably undertake some of this work very soon 

We have been gathering a few varieties of tree seeds, 
and storing them in the ground, to be used in planting in 
nursery beds next spring. 

We are informed by Mr. Mulford that he has 
already completed a planting plan for nearly fifty 
of the fields mentioned by Mr. Broatch. Mr. Mul- 
ford also states that to Mr. Broatch belongs the 
principal credit of inaugurating the work at Mid- 
dletown. We may add that Mr. Mulford, like Mr. 
Borst, is a graduate of the New York College of 
Forestry, which now gives the degree of Forestry 
Engineer. 

WOONSOCKET, R. I.—The work here, we 
are informed by Mr. E. W. Kent, Superintendent 
of the water-works, is thus far limited to a pro- 


entire tract has been placed under forest management in- 
stead of only a part. I, personally, have the general 
direction of the forest work, but the water board em- 
ploys a resident forest ranger who has immediate charge 
of the work. The land will be protected from fire by a 
system of keeping the wood roads cleared About 650 
acres of open land will be planted with valuable kinds 
of trees, and the wooded portion of the watershed will be 
treated in the manner described for the New Haven water- 
shed. About 150 acres will be thinned out the first year 

Mr. F. D. Berry is Secretary of the Board of 


Water Commissioners of Hartford. 


JOHNSTOWN, PA.—The Johnstown Water Co., 
in 1900, bought nearly 2 of the 5.5 sq. miles of 
the drainage area of Mill Creek, above the com- 
pany’s reservoir. In December, 1900, Mr. A. H. 
Walters, then secretary of the company, stated 
that the company wished to buy all the cleared and 
cultivated lands in the drainage area, but some 
of the owners demanded excessive prices, and 
the statutes of Pennsylvania do not, or did not 
then, permit the condemnation of land for 
the protection of water supplies. Mr. Walters 


both in quality and quantity of product manufactured 
As a result of such machinery, the cost of nearly all man 
ufactured articles has been enormously reduced and the 
consumption by the people correspondingly increased 

It is the purpose of this paper to discuss the applica 
tion of machinery to the art of brick making, with a view 
to the practical elimination of hand labor 

Much ingenious and useful brick machinery has already 
been invented and is in daily use in hundreds of plants 
this is, however, largely confined to the preparation and 
handling of the clay and the forming of the soft brick 
This machinery has been perfected to such a point that 
little improvement is needed or can be expected in future 
and the same remarks are doubtless: true of the most 
modern types of drying and burning devices 

No successful attempt has been made, however, so far 
as I am aware, to eliminate the manual labor involved in 
handling the bricks from the brick machine through the 
various processes of drying, burning, storing and delivery 
to the user, and inasmuch as this labor of handling con 
stitutes a large part of the entire labor involved in the 
manufacture, comparatively little saving has been effected 
in the total labor cost. 

Certain improvements, such as the various car and truck 


posed shelter belt of 8,000 or 10,000 conifers for also stated that his company had _ consulted  cystems, have come into use to a large extent, but these 
} : Rack For Sronase 
WASTE HEAT FLUE 4 
FIG. 2. GENERAL PLAN OF PLANT AT FACTORY OF FISKE BRICK CO. 
some farm buildings. We understand that the Messrs. Toumey and Graves (then) of the ' ame a 
seedlings have been bought at the rate of $6 per Forestry Division of the U. S. Department “f | 
1,000, and are being planted this fall. of Agriculture, on the reforesting of the land j 
Mr. Price, whose name was just mentioned, has bought and that it would “at an early date = i | ray 
written to us about this work as follows: follow their suggestions in this matter.” SESS cet ein saan EE AS 


The plan for the planting on Woonsocket watershed was 
made this summer by Mr. Wm. L. Hall, Chief Division 
f Forest Extension of this Bureau, and planting was be- 
gun this fall under the supervision of E. A. Sterling, 
Field Assistant in the Bureau of Forestry. The land to 
he planted consists of open fields near the reservoirs. 

NEW HAVEN AND HARTFORD, CONN.—The 
conditions at these places are thus described by 
Prof. Henry Solon Graves, Director of the Yale 
Forest School, New Haven, Conn., in a letter to 
this journal dated Oct. 3, 1902: 


The New Haven Water Co. has placed a portion of its 
and in charge of the Yale Forest School. This land sur- 
ounds three of the company’s reservoirs. Most of it is 
overed with forest, but there are also several open fields. 


Professor Graves, in the letter from which we 


have already quoted, states: 


Professor Toumey and I made an examination of the 
watershed at Johnstown, Pa., several years ago, but I 
think they have not begun practical operations. 

We are informed by Mr. W. H. C. Ramsey, Sec- 
retary of the Johnstown Water Co., that up to 
December, 1902, no planting has been done, but 
that numerous locust trees have sprung up on 
the cleared ground and are doing well. 

IN THE WEST.—In response to a request for 
further instances of forestry work on water- 


have been adopted mainly because of their convenience 
and adaptability to the artificial dryer rather than a 
labor-saving devices pure and simple. These devices must 
still be propelled over long distances by man power and 
the bricks, even under the most favorable conditions, must 
undergo repeated handling in setting and emptying the 
kilns and in loading the delivery cars or wagons. 

The number of hand operations in modern brick mak 
ing varies greatly, depending upon the process, whether 
molded by the ‘‘soft mud” or the “stiff mud’’ machines, 


*Reprinted by permission, from advance sheets of Vol 
ume V. “Transactions of the American Ceramic Society.’’ 

Vice-President, the Fiske Brick Co., 164 Devonshire St., 
Boston, Mass, 
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dried on the open yard in racks or in artificial 
dryers, and whether burned in up @raft, down draftor con- 
tinuous kilns. it i y, however, that an average 
of all plants would show from 12 to 15 hand or man-power 
from the time the bricks are molded until they 
delivery 
ton of the finished product is taken 


whether 


fair tO 8a 


operations, 
are loaded on the wagons 


When the 


value per 


Brick machinery, consisting of a Chambers disintegrator 
and a Freese combined pugmill and auger machine for 
making stiff mud bricks, with an automatic cutter and an 
off-bearing belt extending nearly across the main building. 

Setting-up stands for the reception of the green bricks 
as they are taken from the belt 

Drying arrangements, consisting of a Crown heat gen- 


| 


FIG. 3. 
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BIRD'S-EYE VIEW OF INTERIOR OF MAIN BUILDING, SHOWING STORAGE RACK 


i’ 


FOR DRIED BRICK IN FOREGROUND. 


into account this amount of hand labor appears excessive; 
ton of common bricks is worth on the average 
ay $2.0 on the wagon or cars at the plant, while a ton 
of steel rails at $20 has excited the wonder of the whole 
world. Such value should involve a minimum of 
hand labor per unit of weight, yet it is doubtless true that 
uo finished product in the world involves so much. In 
hort, proportion of the entire cost of brick 
making to-day is in the labor item, and our only hope of 
ubstantial reduction lies in the minimizing of this hand 
labor. 


thus a 


a low 


an excessive 


The prime necessity for the successful use of automatic 


machinery in any art is.that every unit of manufacture 
hall be subjected to precisely the same treatment, and 
this condition obtains to an ideal extent in the art of 
brick making Thus, particularly in the case of common 
bricks, every piece is molded or pressed exactly like its 
mate and is subjected to the same drying and burning 
heats and, theoretically, when finished should be of 
exactly the same size, shape and texture 


llowever, a careful study of this problem will, I think, 
that no great improvement can be made 
brickyard,”’ that is, one in which the 
and wind, as these elements are 
action and are so uncertain at best 
inufacturing can be conducted not over one-third of 
number of working days in the year. It is also 
ant for the profitable use of lavor-saving machinery 
hall be worked and continuously 
that it may an opportunity to earn a fair 
first which is necessarily high. To 
radical therefore, the ‘‘open 
idea must be abandoned and a permanent, substan 
il construction must with the best possible 
brick-molding artificial dryers and 
kilns, specially constructed to suit the new 
involved in the use of automatic handling 
the whole plant representing a comprehensive 
complete tn all its arrangements, so that the raw 
may enter at end, proceed systematically 
hrough the various processes and emerge a finished pro- 
duct at the other, practically without hand labor. 

perfected such a system and put it into suc- 
essful operation at the works of the Fiske Brick Co., at 
lover Point, N. H., I take pleasure in presenting a de 

iption of it to this society. 

rig. 1 shows the exterior of the main building, with 
roof, being 367 ft. long and 60 ft. wide, and the 
iuxiliary building being 115 ft. long and 0) ft. wide. 

Fig. 2 is a plan view of the plant thus far erected, and 
hows: 

Power plant, consisting of two tubular boilers, pumps 
and feed-water heater, a 200-HP. Corliss engine, 50-KW 
belted dynamo, 50-KW. direct-connected engine and dy- 
namo as a spare unit, switchboard, shafting, etc. 


onvince anyone 


in the 
frying 
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summer 
is done by sun 
ttent in their 
that ma 
the totai 
import 
that it systematically 
n order have 


nterest on its cost, 
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orm of machinery, 
fuel-saving 
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erator, a 12-ft. Sturtevant fan and four drying chambers 
of special construction, as described later. 
Kiln, consisting of 13 chambers arranged in one battery 
for burning by the continuous or regenerative principle. 
Fig. 3 is a bird's-eye interior view looking north and 


shows the storage rack and dryer in the foreground. 
The clay is drawn up an inclined trestle in side dump- 
each of 5 yds. 


ing cars, capacity, and is dumped into a 


Careful consideration of the conditions necessary fo; 
the drying and burning of bricks has convinced me :ha 
the successful handling machinery must handle the brick 
in large masses rather than one by one, as is done by 
labor-saving machinery in most other arts, and I cons: 
quently introduced at this point in the manufacture wha 
I term the ‘‘unit stack’’ idea, which I believe to be e: 
tirely novel in brick making. 

The unit stack consists of a pile of bricks built up, 
they issue from the molding or pressing machine, in 
reiative position, brick to brick, that they can be dri: 
burred and loaded on the delivery car or wagon with: 
iearrangement, the entire stack being lifted as a 
transported and deposited by suitable machinery, 
into the dryer, then into the kiln, and finally into 

toeckyard or delivery wagon. The original stacking 


in 
fi 


be done automatically, layer upon layer, by machin: 
or can be done by hand as in the plant under dj 
cussion. 


The unit stack system creates a distinct advance in ¢) 
art, as it eliminates all manual handling after the bri k 
are once stacked, banishes from the brick factory all ti); 
carts, trucks, wheel-barrows, drier cars, tracks, transfe; 
cars and turntables, dispenses with kiln ‘‘setters’’ a 
‘“‘emptiers’’ and reduces the entire force of employes, b 
yond the brick-machinery gang proper, to a mere handfu 
of men. 

In order to place the bricks in unit stack formation, 
rack called a ‘‘setting-up stand”"’ is permanently located 
on each side of the off-bearing belt, and at a suitable di 
tance therefrom to accommodate the stackers. 

Fig. 4 shows the setting-up stands, constructed wit! 
105 heavy horizontal bars of hard pipe, mounted at «4 
convenient height for the stacking of the bricks, these 
bars being spaced apart so as to support each lower brick 
at its two ends and in the middle, leaving two clear space 
about 1% ins. wide under each bottom row. The brick 
may be set five over two, six over two, or in any manner 
required for their proper drying and burning, exactly a 
is done in the usual plant, and no more care is required 
than in setting bricks in an ordinary kiln. For these rea 
sons a very wide variety of clays can be handled by thi- 
system as any style of setting may be adopted which ji 
found necessary to suit the peculiarities of the clay in 
question. 

The stand in about 39 ft. long by 20 ins. wide and hold: 
about 1,500 bricks when stacked five over two (that is, 
five headers over two stretchers) and six courses high. At 
the back of the stand are vertical guide bars, also of hard 
pine, to insure a perfectly vertical stack and to guide the 
stackers in setting the top row of bricks, which must 
be spaced exactly to correspond with the horizontal bars, 
as will be seen later. 


As soon as the first stack is* completed, the stackers 


FIG. 4. VIEW OF “SETTING-UP STANDS” FOR STACKING BRICK. 
partly filled; 
between the stands.) 


is filled with soft brick and one is 


machines is 


(One stand 
hopper at the disintegrator. The material proceeds through 
the disintegrator, brick machine and cutter, and the green 
bricks pass out into the main building on the off-bearing 
belt, all in the usual manner. 

At this point in the manufacture the special handling 
machinery begins its work, the process thus far being an 
entirely standard one. 


the belt carrier bringing the soft brick from the 
commence placing the bricks on the opposite stand, th: 
first stack being soon removed by the handling machinery 
thus leaving the first stand empty and ready for anothe: 
stack. Thus all waiting for empty cars or trucks, as is 
common in many brick plants, is eliminated, and the brick 
machine is free to run without interruption. Fig, 4 shows 
one stand filled and the other partially filled, 


| 
~ 
a 
| 
XK 
| | eee 2 
“itty. 


January 15, 1903. 


ENGINEERING NEWS. 


65 


The handling machinery consists of an overhead elec- 
tric traveling crane and a special carrier called a ‘‘brick 
\ift.’ By reference to Fig. 5 it will be seen that the crane 
travels on tracks supported on an elevated runway near 
the eaves of the main building, and that it spans tbis 
building completely and travels its entire length. The 
crane is driven along the overhead tracks by an electric 
motor called the ‘‘travel motor,’’ located midway on the 
crane girder and shown in the cut, and the hoisting and 
lowering of the load is effected by the ‘‘hoist-motor,’’ 
jocated on top; each motor is controlled independently by 
a lever in the operator's cage. The hoisting is done by 
four vertical chains and four winding drums driven in 
unison by the main shaft from the hoisting motor. 

The brick lift consist of two main lifting beams prop- 
erly braced together to form a girder; to this girder are 
attached 104 lifting fingers accurately spaced apart to 
correspond to the spaces between the bars of the setting- 
up stand, so that the whole forms a rigid structure. The 
four vertical chains already mentioned are attached to 
tour liftung eyes on the lifting beams, thereby securing the 
utmost stability of the loaded lift, tipping in any direction 
being impossible and swaying and twisting being reduced 
to a minimum, 

To engage and transport a load of bricks, the lift is 
brought by the crane in front of the setting-up stand, 
lowered until the fingers are at the proper level, the crane 
moved forward until the horizontal members of the fingers 
aie run into the spaces between the bars of the stand and 
underneath the lower layer of bricks. Fig. 6 shows the 
fingers in the act of entering these spaces. The lift with 
the entire load of bricks is then raised clear of the stand 
by the hoisting motor, and is carried by the crane to the 
dryer as a unit, 

By reference to Fig. 7, it will be seen that each brick 
of the bottom layer is supported on two fingers of the 
lift, hence there is perfect stability of the load and it is 
impossible for it to twist or topple over. Repeated trials 
with the most violent movements of the crane that were 
possible have failed to dislodge a single brick from 
its load. 

The crane operator is located in a cage at one end of 
the crane, as shown in Fig. 5, and at all times has an 
uninterrupted view of the runway and of his work below. 

it will be noted that this operator, with one helper on 
the brick lift, can handle as many bricks at a time as 15 
to 20 men with wheelbarrows, and that the speed of travel 
along the tracks is faster than a man can comfortably 
walk, 

Handling the unit stack during the remainder of the 
process is accomplished by the use of racks in the drier, 
kiln and store room, each constructed with horizontal 
members accurately spaced for the reception of the bricks 
as in the case of the setting-up stand and provided with 
spaces between its members to correspond to the fingers 
of the lift. Thus in the dryer these racks are of steel I- 
beams, in the kiln they are of bricks to withstand the heat 
necessary for burning the ware, and in the storeroom they 
are of either steel or wood. 

The dryer shown in section in Figs. 7 and 8 is of brick 
end steel construction, is absol\ttely fireproof and is novel 
throughout. It is divided into four chambers by per- 
manent partition walls, each chamber being provided with 
a cover removable in one piece; these covers are con- 
structed of I-beams with an upper and lower covering of 
sheet iron, thereby providing a dead air space of about 4 
ins. Fig. 9 shows one of these chambers with the cover 
removed, two stacks of soft bricks having been placed 
in the chamber. 

in the bottom of each chamber is a fixed rack of I- 


FIG. 5. TRAVELING CRANE CARRYING A STACK OF SOFT BRICKS TO THE DRIER. DRIED 
BRICKS IN STORAGE IN THE FOREGROUND. 


beams constructed as already described; the stacks of 
bricks are brought from the setting-up table and deposited 
successively upon this rack, the brick lift being lowered 
through the rack to deposit the bricks, and being backed 
out and raised from the rack each time after so depositing 
them. 


below it, and each holds four stacks of bricks, 
thus making the capacity of each chamber 12 
stacks, or about 18,000 bricks. 

The arrangement of the covers and the rack 
with their loads of bricks is clearly shown 


in 
Figs. T and § 
The method of handling the removable racks 
by the crane is shown in Fig. 10. Each rack 


is provided on its under side with two flat iron 
bars running lengthwise and equi-distant from 
the center line of the rack. The fingers of the 
brick lift are dropped below the level of these 
bars and are then run under them so that the 
rack can then be lifted and transported, the 
dearing on the two bars preventing the rack 
from tipping or twisting 

The covers are provided with latticed lifting 
beams attached to the tops so that the fingers of 
the lift can be run under them for the purpose 
ot handling the covers from one chamber to an 
other. A cover is generally removed from a 
chamber of dried bricks and placed upon a 
chamber just filled with bricks to be dried. Each 
cover, When in position, is supported by channe! 
irons on the top of the partition walls, as shown 
in Figs, 7 and {), these channels being filled with 
sand; a downwardly projecting lip on the cover 
imbeds itself in this sand when the cover is 
placed in position, thereby automatically sealing 
the chamber. 

Hot air is forced through the bricks by a pow- 
erful fan driven by an electric motor, the air 
passing through three chambers in succession, as shown in 
Fig. 8. Inasmuch as the bricks cannot be progressed 
through successively hotter and hotter zones, as in the 
case of the tunnel dryer the same results are obtained by 
progressing the zone of maximum heat through the bricks. 
Thus the air being heated by a suitable device, in this case 


FIG. 6. FINGERS OF THE BRICK LIFT ENTERING THE SETTING-UP STAND TO LIFT A STACK 
OF SOFT BRICKS. 


As the soft bricks will not bear the weight of super- 
imposed loads, each chamber is provided also with two re- 
movable racks, which are supported by horizontal channel 
beams built into partition walls separating the chamber. 
Each removable rack is built of I-beams like the fixed rack 


by a Crown heat generator, it is forced into a circular 
tunnel running lengthwise of the building and pass- 
ing under the center of each chamber, as shown 
in Figs. 7 and §&. On each side of this tun- 


nel and under each chamber is a _ large open- 


Pape ; FIG. 7. LONGITUDINAL SECTION OF FAN AND DRIER CHAMBER, 
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ing, closed by a curved hanging damper controlled by 
a chain from the outside of the dryer. This opening ad- 
mits just the proper amount of air to a distributing com- 
partment located beneath the lower brick rack and pro- 
vided with a sloping bottom to insure a proper flow of air 
into all paris of the drying chamber. The curved dampers 
being closed under all the chambers except the one of 
nearly dried bricks, the air passes from the tunnel into 
the distributing compartment, and thence upward through 
the bricks. 


After placing the last stack in position the empty lift is 
backed out into the ‘‘combustion space,”’ and is then with- 
drawn from the kiln. In reverse manner, the lift enters 
the kiln when the bricks have been burned and cooled and 
removes one load after another to the point of shipping 
or storage. 

After the kiln chamber is filled with bricks it is ready 
for the reception of the portable crown. 

The kiln operates on the ‘‘semi-continuous’’ principle, 
and is built with permanent transverse partitions, divid- 
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FIG. 8. CROSS-SECTIONS OF DRIER. 


In order to facilitate the proper circulation, a wide 
space is ieft between the bricks at one side of the chamber 
and the partition wall, this space being insured by the 
room necessary for backing out the brick lift after depos- 
iting its last load on each rack. In the case of the lower 
rack, a wide sheet iron floor is attached to the lower side 
of the rack, underneath that portion covered by the bricks, 
in order to force all the air first into the clearance space 
and up to the cover, and thence downward end at more 
or less of an angle through the bricks to openings or 
wickets in the base of the opposite partition wall, and 
thence into the next chamber. To prevent the air from 
passing directly through the lower tier of bricks to the 
wickets, canvas baffle curtains are hung from the bottom 
of the two movable racks, thereby forcing the air up, over 
and then downward through the bricks. The wickets are 
closed by vertical sliding dampers, controlled by chains 
passing upward through 2-in. pipes imbedded in 
the partition walls. 

The hot air is first admitted to a chamber of 
nearly dried bricks and passes thence to a partially 
dried chamber, thence to a chamber freshly filled 
and finally into an open chamber just being filled. 
As soon as the first chamber has been thoroughly 
dried and the last chamber has been filled, the 
cover of chamber No. 1 is removed, and is placed 
in position on No. 4, the hot air is shut off from 
the No. 1 and admitted directly to No. 2, which by 
this time has become sufficiently heated and dried 
to prevent checking of the ware. Chamber No. 1 
is now ready to have its brick removed to the kiln 
for burning. Chamber No. 4 is connected with 
chamber No. 1 by return flues, located on either 

ide of the drier in order that the chambers may 
operate in rotation without any interruption, as in 
the case of the continuous burning kiln. 

Thus the zone of maximum heat is progressed 
from chamber to chamber, the nearly dried brick 
receiving the maximum heat and the green bricks 
being subjeeted to warm moist air as in the most 
ipproved types of progressive artificial driers. 

The bricks are carried from the dryer to the kiln 
by the crane and brick lift, and are there de- 
posited, each chamber (holding about 18,000 bricks) 
having a removable crown, so as to leave the en- 
tire top open. The bottom of the kiln, or that por- 
tion covered by bricks to be burned, is provided 
with a special fire-brick floor with separated ribs, 
corresponding in spacing to the fingers of the brick 
lift, so that the stack of dried bricks is deposited 
without difficulty and the lift withdrawn as in the 
case of the dryer, each brick of the lower layer 
being supported by the ribs of the floor at its two 
ends and in the middle. Fig. 11 shows a load of 
dried bricks going into the kiln, and Fig. 12, taken 
during the construction of the kiln and before 
the partition walls were built, shows the brick 
lift in the act of depositing a load of bricks on the ribs 
forming the special kiln bottom. 

After the four stacks of bricks forming the lower tier 
have thus been placed in position in the kiln, other suc- 
cessive stacks are placed upon them, the fingers of the lft 
passing down into the spaces of the upper row of bricks 
of the tier below. It will be noted that the upper row of 
bricks of each stack is spaced especially wide apart to per- 
mit this operation, as has already been described. 

The setting consist of three tiers of four stacks each. 


ing it into chambers; the fires are fed with coal through 
holes in the crown and are supplied with hot air from the 
cooling chambers behind, the air entering the burning 
chamber through the ‘‘wickets’’ in the base of the par- 
tition wall; the waste heat of the burning chamber passes 
forward in a similar manner to heat up the green bricks in 
advance of the fires. Thus the utmost economy of fuel is 
secured. 

Many novel features are to be noted in the construc- 
tion and operation of the kiln under discussion. The 
chambers are unusually low and narrow, which enables 
them to be fired largely from one side and to produce a 
very uniform burn. The open space above mentioned acts 
not only as a combustion chamber, but provides an en- 
trance and exist for the brick lift to the chamber when the 
latter is filled with bricks. 

The removable crown for the kiln chambers are con- 


FIG. 9. VIEW LOOKING DOWN INTO DRIER CHAMBER. 


(The cover and two portable racks have been removed. Two stacks of soft brick are shown in position for drying.) 


structed of fire clay blocks and cast-iron hollow beams of 
special shape and section. These beams are spaced about 
18 ins. apart by separating bolts and span the kiln 
chamber from one partition wall to the next, the ends 
resting on special cast-iron channel irons anchored along 
the top of the partitions. The beams support heavy 
blocks, made of high-grade fire clay mixed with sawdust to 
give porosity, the soffits of the beams being amply pro- 
tected by fire clay key pieces. 

The crown is sealed around the edge with soft bricks 


and sand and gives a construction of great super 
over the ordinary mason work arch. No lateral thru t 
any kind on the side walls or partition walls is prod 
as the crown expands and contracts, the iron beams ' 
ply sliding on the channel iron supports. Moreover 
pairs may be made to a crown by removing one or 
fire clay blocks without tearing down the whole er 
and without interrupting the operation of the kiln, 
often the case in ordinary fire-brick construction. 
crowns are lifted, transported and deposited by the ec; 
and the brick lift, which engages a heavy latticed 11; 
girder attached to each iron beam of the crown. 
construction provides a liberal amount of flexibility 
secures a satisfactory seating of each beam on the y 
without undue straining of the fireproofing materia). 
construction of the crowns and the manner of lifting 

are shown in Fig. 13. 

As all filling and emptying of the chambers is 
through the top, the kiln is built with thick, perma 
and unbroken side walls, all arched doorways being «); 
ted. Thus the necessity of continually bricking up . 
tearing down the doors, as in other kilns, and the » 
complement of soft-burned bricks near the doorway 
obviated. Moreover, as the side walls are unbroken f 
end to end, it is possible to build the kiln with all fluc 
the walls, thereby eliminating the underground flue a} 
lutely. As is well known, underground flues are of:. 
cold and damp and are a source of great irregularity 
draft, particularly in a continuous kiln, where the tem 
perature of the waste gases is very low. 

The draft for burning is produced by an exhaust fay 
driven by an electric motor, the whole being mounted oy 
a portable cover, constructed of I-beams and sheet-iron 
covering, as in the case of the dryer covers. A suitable 
iron pipe connects the inlet of the fan with holes through 
the cover at the proper points. The draft cover is trans- 
ported by the crane and brick lift, which engages a lifting 
beam, as will be seen by reference to Fig. 14. The draft 
cover is deposited over a kiln chamber a suitable distance 
ahead of the fire, and is advanced from time to time as the 
fire progresses. Thus the source of draft is always at a 
fixed distance from the fire, is direct, positive and uniform. 
and at once effectually overcomes all the difficulties ex- 
perienced with natural draft. 

The kiln is built in a straight line instead of in the 
usual oval shape, in order to bring all the chambers prop- 
erly within the range of the overhead crane, and it may 
be constructed on the semi-continuous principle, in which 
the fire is started at one end, traverses the length of the 
kiln and then dies out, or by the use of ‘‘return flues” 
connecting the two ends of the kiln, heat from the lasi 
chamber may be carried to the starting end for water- 


I 


smoking purposes, as in the case of the original continu- 
ous kiln. The latter arrangement is used in the Dover 
Point plant. 

The improved continuous kiln not only saves two-thirds 
of the fuel and a large part of the labor of the updraft 
wocd-burning kiln, but produces bricks of far more 
uniform color with practically no cracking, breakage or 
other loss. 

The coal for firing the kiln is brought by the crane 
and brick lift from the storage bin in long iron boxes, 
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which are deposited on top of the kiln adjacent to the 
roper teed holes. These boxes are moved along from 
Pv ver to Chamber as the fire progresses. Thus the 


nee + of coal is minimized and no coal is wasted by 
peing scattered over the top of the kiln. The ashes are 
taken out of the kiln by a similar box, which is lowered 
into chamber after the bricks are removed. 

wher a chamber of burned bricks has become suffi- 
ejentiy cooled for removal to the stock pile, the crown is 
lifted by the crane and brick lift and deposited over a 
chamber just filled with dried brick. The brick lift is then 
jowered into the combustion space to a proper level, the 


FIG. 10. PORTABLE DRIER RACK SUSPENDED FROM CRANE. 


fingers are run under the stacks of burned bricks, which 
are lifted and transported one by one to any desired point 
for assorting, storage and shipment. In plants making 
common bricks only the bricks may be deposited upon an 
automatic loading machine, consisting of an endless belt 
with separated slats or bars for receiving the bricks, as in 
the case of the dryer racks, this belt conveying the bricks 
and dumping them into the delivery wagon, thus reducing 
the entire hand labor on the plant to the single operation 
of stacking the soft bricks at the setting-up stands. Each 
unit stack will fill an ordinary delivery wagon. The same 
device may be used to load railway cars. . 

In the case of the Dover Point plant, some high-grade 
bricks are obtained by assorting, and consequently a sec- 
ond-hand operation is here introduced, the burned bricks 
being deposited upon an assorting stand at the end of the 
kiln. 

In the plant as thus far constructed no labor-saving 
appliances are used in connection with storing or loading 
the bricks, but it is the intention of the company to in- 
crease the main building to about twice its present length 
and to construct more continuous kilns similar to the one 
now in use. A storage building will then be constructed 
at right angles to the present main building, and an elec- 
tric overhead crane arranged to take the bricks in sarge 
loads after assorting and to place them in the storage 
building, later to be shipped either by rail or water to the 
distant market. The elevated crane track in the storage 
building will be extended to include the railroad tracks at 
one end and the shipping dock at the other, and the as- 
sorted bricks will be handled on cradles, each containing a 
cart load. The cars or shipping barges may then be run 
under a crane at the point of destination and the cradles 
of bricks lifted as a unit and placed in the delivery 
wagons, thus eliminating the usual expense of hand labor 
for loading. By this system it is therefore possible to man- 
ufacture common bricks and deliver them to the customer 
with but two manual handlings from the clay bank to the 
mason, one after molding and one after burning, thus re- 
ducing the total labor to a fraction of its present amount 
even in the most modern yards. 

The plant under discussion has so recently been put 
into operation that I am unfortunately unable to presént 
any data as to the cost of manufacture, but it will doubt- 
less be sufficient at this time to say that the practicability 
of the entire scheme has been fully demonstrated and that 
no great difficulties have been encountered. At a later 
date I hope to have the pleasure of presenting some data 
as to the cost of handling by this system and of burning 
in the continuous kiln with portable mechanical draft. 

The preparations of the drawing and the erection of the 
plant has been under the immediate supervision of the 
consulting engineer of the company, Mr. John C. Ostrup, 
M. Am. Soc. C. E., well known throughout the country 
from his connection with the Chicago elevated roads and 
as designing engineer of the Boston Elevated Railroad. 


FUNDAMENTAL DIFFERENCES IN THE CONSTRUCTION 
OF GAS AND STEAM ENGINES. 
By P. Plantinga,* M. Am. Soc. M. E. 


The daily increase in the use of large gas en- 
sines for operating dynamos and blowers is ap- 


*President, The Gas Machinery Co., 720 Citizens’ Build- 
ing, Cleveland, O. 


parent, and manufacturers of large steam engines 
will soon be confronted with the question of build- 
ing large gas engines according to the present 
styles of construction, or of originating an im- 
proved type for gas engines of great capacity. 
Peculiar difficulties are met with in the con- 
struction of gas.engines, which are considerably 
greater than most steam engine manufacturers 
at first imagine; and a 
few suggestions based on 
experience, which would 


guard against grave and 
expensive mistakes, may 
be justified. 

At first it seems natural that the type of gas 
engine, which most resembles the steam engine, 
should excite confidence in a steam engineer. Just 
for this reason, Lenoir’s gas engine, which was 
the first introduced for public use, was built as 
an ordinary high-pressure steam engine with 
valves arranged to admit gas and air and dis- 
charge the products of combustion. The intense 
heat on both sides of the uncooled piston was one 
of the causes tending to the total failure of this 
gas engine, built to resemble the steam engine; 
and it was only after Otto had built an engine 
which was single-acting and entirely different 


Americans owe their great success to the ap- 
plication of this principle—adapting all machines 
to their special purpose and building proportion- 
ately and consistently. 

The fundamental differences in the operation of 
gas andsteamenginesall result from the main fact, 
i. e., that the fuel for the steam engine is burned 
in a separate furnace, while in the gas engine it 


FIG. 12. BRICK LIFT DEPOSITING STACK OF BRICKS ON KILN FLOOR 


BLOCKS. 


(This view was taken during construction of kiln and before the partition walls 


were built.) 


is introduced directly and burned in the cylinder. 
The cylinder of the steam engine is in no way 
exposed to the flame of combustion, and it is filled 
only with steam, which has a relatively low tem- 
perature and is a very clean medium of power. 
The gas engine, on the contrary, contains the 
combustion chamber in its cylinder, and its piston, 
valves and valve seats are directly exposed to the 
flame and very hot gases during the expansion. 
The initial temperature of the steam in an en- 
gine is from about 150° to 350° C., while the initial 
temperature of ignition in a gas engine is about 
3,000° te The latter is therefore about 16 times 


FIG. 11. KILN CHAMBER WITH CROWN REMO VED AND CRANE WITH STACK OF DRIED 
BRICKS READY FOR DEPOSIT IN THE KILN. 


from a steam engine that the first enduring suc- 
cess was achieved. 

This is not astonishing, however, since long ex- 
perience in the technical world teaches that to be 
successful, entirely different designs and _ con- 
structions must be used for radically different 
working conditions. 


as great as in a steam engine operating with 150 
lbs. initial pressure, and about ten times as great 
as in a steam engine operating with superheated 
steam. The sudden pressure developed in a gas 
engine cylinder, amounting to from 300 to 450 Ibs., 
and rapid expansion and fall under varying pres- 
sure to about 50 Ibs., combined with the fact that 
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an impulse is not given the piston at each stroke, 
increases the difficulty of securing an accurate 
balance of the heavy reciprocating parts. 

It will be seen, however, that of all of the here- 
in-mentioned differences in construction, this one 
would he most easily overcome by a good designer 
of steam engines 


the tenfold temperature and two or three-fold 
tension of the burning gases in gas engines, that 
the number of stuffing boxes should be reduced to 
a minimum, as they also render easy and quick 
access to the cylinder more difficult. 

While the steam engine cylinder is protected 
from loss of heat, it is important in gas engines 


FIG. 13. REMOVABLE KILN CROWN BEING HANDLED BY CRANE AND LIFT. 


The difficulty of keeping the piston tight In- 
creases greatly with the diameter of the cylinder, 
and is caused by the heat of the flame in the 
working cylinder, and the great difference in pres- 
sure on each side of the piston. This is the case 
even in present practice with the piston 
cooled by water from within; for the 
piston and cylinder are separately cooled, 
and their expansion is different. ° 


For reasons given hereafter, dirt will 
easily enter the working cylinder, so that 
the first requirements in designing a 
good gas engine must be to have 
easy and quick access to the cylinder, 
particularly for engines operating con- 
tinuously. 

On account of the great heat, slide 
valves of large gas engines cannot be 
kept tight, and disk or poppet valves 
are generally used. If there is no pro- 
vision for cooling, however, the heat to 
which these valve disks are exposed 
makes them red hot, as the edges be- 
come highly heated and the small sur- 
face that comes in contact with the 
water-cooled valve-seat is insufficient to 
carry off the heat on account of the short 
time of contact. 


Several possible ways of water-cooling 
the valves have been used, all of which 
have disadvantages, and as the machine 
is made more complicated thereby, water 
leaks easily occur causing disturbances 
in operation. The difficulty of taking the 
valves apart and re-assembling them 
quickly when cleaning and grinding a 
leaky valve is increased. The cooling of 
gas engine valves must therefore be 
looked upon as an evil, even when it is 
considered necessary. 

Puplicating exhaust valves is also being aban- 
doned on account of complications, excess of clear- 
ance, extra cost and possibility of leaks develop- 
ing, necessitating the extra work of grinding 
double the number of disks at regular intervals. 

In steam engines operated with superheated 
steam it is very difficult to keep the stuffing boxes 
tight, and this difficulty increases so greatly with 


to have good and efficient cooling of the entire 
cylinder; this is accomplished by means of com- 
paratively light construction with provision for 
equal expansion of the walls, as cracks in the 
cast iron are doubly dangerous in gas engines. 


able to examine and clean the cylinder as qui), 
as possible. Besides the dust, oil residuals 
sulting from incomplete combustion, the ys 
poor gas, or extreme variations in the load 
easily appear, making the cylinder dirty, 
causing the piston and valve to leak. 

All excess of clearance space in the valve c}; 
ports, etc., must be avoided in the constructj., 

a gas engine, care taken to provide for a thor 
washing of the combustion chamber with ¢; 
air after every impulse and the simplest cyli;,; 
cal form used for the compression space in - 
working cylinder. 

The requirements of a well designed gas eng: 
are therefore the following: 

1. All parts, especially the cylinder, should 
easy of access. This has been- emphasized } 
many practical builders of gas engines as m) 
more important than a small reduction of en; 
sumption of gas per horse-power in operating 

2. In consequence of the above, the whole m: 
chanism should be as simple as consistent, an.) 
the number of valves and stuffing boxes reduced 
to a minimum, 

3. All excess of clearance both in and adjoining 
the combustion chamber is detrimental and shou): 
be avoided. 

4. A thorough washing of the cylinder with 
fresh air should be provided after every working 
stroke. 

5. The reciprocating parts should be balanced 
as well and carefully as possible. 

The short foregoing sketch, which does not even 
touch a great number of additional structura! 
differences respecting the distribution of th. 
strains, etc., is sufficient to show the radical dif 
ference between the construction and operation 
of gas and steam engines. The elements of ma- 
chine design, connecting rods, cross heads, guides, 
shafts, bearings, etc., which are naturally pre- 
sented in the building of a gas engine, require the 
best experience in steam engine construction for 
their proper determination. 

A gas engine that is most perfectly adopted to 
its purpose, must therefore be radically different 
from a steam engine in its inner construction and 
outward appearance, just as the successful Otto 


FIG. 14. PORTABLE DRAFT APPARATUS FOR KILNS. 


Steam is a clean medium of power, Generator 
gas, howeyer, can easily carry light particles 
of dust into gas engines, and even with the best 
methods of purification, it is well to be prepared 
for possible stoppage or breakdown of the purify- 
ing apparatus, especially when continuous opera- 
tion must be maintained. 

This again demonstrates the necessity of being 


engine in its time, was in contrast to the Lenoir 
machine, which failed. 

As shown, steam and gas engines differ widely 
in many respects and the inverse conclusion may 
be drawn, that the more the gas engine is made to 
resemble the steam engine in its inner construc- 
tion and outward appearance, the less it $s suited 
to its particular use and purpose. 
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